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CHAPTER I: INTRODUCTION 
Changes are rapidly taking place within agriculture and 
the economic environment in which agriculture is placed. 
Severe income problems within agriculture in the 1930's gave 
way to problems of encouraging rapid expansion during the 
war and immediate post-war years, which in turn have led on 
to the embarrassing surplus years of the last decade. 
These years have witnessed a remarkable transformation 
within the technological framework of agriculture. New 
seed varieties have been introduced, fertilizer use and 
crop rotations have changed, farms have become increasingly 
mechaniz3d, and whole new industries, such as broiler 
production, have been established. This period has also 
witnessed the role of governmental involvement within 
agriculture grow in avenues never before expected. In the 
1930's government entered into agriculture to boost and 
stabilize income. During the war years government actively 
encouraged the expansion of agricultural production. In 
the last decade, as an outcome of its policy of income 
maintenance within the agricultural sector, government has 
had to assume the role of managing the nation's agricultural 
surplus and surplus potential. 
Government has hence been put into a position where 
it can instigate change within agriculture. To do so 
effectively, however, government must also be in a position 
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where it can anticipate change, as an outcome of either the 
free market or the implementation of policy. In the past 
governmental action has been oriented towards several goals, 
many of which have not been clearly defined. It has been 
a primary goal of agricultural economists to develop a body 
of knowledge and analysis which can service existing policy 
goals and help develop new intermediate ends which are 
consistent with ultimate social well-being. 
Important among the questions which face economists is 
the role of price. Increasingly during the last 30 years 
U.S. governments have worked to modify the operation of 
the free market for agriculture through various price 
policies. Price changes have important income effects, 
and it has usually been with respect to income maintenance 
that price policies have been formulated. But price is 
also the agent by which equilibrium is maintained within 
the economy through allocating factors to production and 
distributing income to owners of these factors. 
A knowledge of the likely role played by prices in 
the allocation of factors and the consequent implications 
for production is imperative for the formulation of any 
well based price policy. This type of information is being 
increasingly sought out by the formulators of agricultural 
policy. Within this framework of enquiry many questions 
may be asked, such as: Will certain price changes lead 
to noticeable modifications of output levels, and if so 
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for what products? In what aspects of production are the 
impacts of price changes felt? At what times are prices 
considered in the commitment of resources to production, 
and during what time period can a response be expected from 
a given price change? Are price changes the most appropriate 
means for bringing about production control, and if so what 
are the most appropriate prices to change? What are some 
of the price changes required to alter certain trends or 
cyclical movements in production? 
These questions underlie the growing interest in the 
analysis of the supply of agricultural products which has 
been manifested over recent years. Increasingly during the 
last decade studies have been made estimating the response 
of production to changing prices. They have ranged in scope 
from the response by the whole agricultural sector as 
agricultural and non-agricultural price indexes change, to 
the response of specific commodities at specific times in 
specific places as specific prices change. They have also 
ranged from studies which spell out the most ideal production 
adjustments as relative prices change, according to the 
criteria of optimum resource allocation, to studies 
establishing the nature of responses which have taken place 
and the response behavior which is likely to follow possible 
price changes. It is in the spirit of this growing body of 
information that the current study has been made. 
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The purpose of this study is to provide quantitative 
estimates of the supply of various livestock products 
annually available for market distribution under alternative 
competitive product and feed grain price structures. The 
study is general, yet it deals with specific commodities, 
being designed to provide a wide survey of the responsive­
ness of various types of livestock production to changes in 
relative price levels. The nature of the approach taken is 
historical. The effects of past prices on production have 
been examined and the nature and extent of consistent 
relationships have been used as a suggested basis for 
anticipating future response to known or hypothetical price 
conditions. For this purpose the livestock economy has 
been broken down into 5 sectors, namely: milk, beef and 
veal, hogs, poultry, and lamb and mutton. These sectors 
have been analyzed from available time series data through 
regression methods using relevant price and cost ratios 
as regressor variables. 
In Chapter II of this work the theory of supply is 
briefly examined at the firm and industry levels, with 
particular emphasis being placed on agricultural products 
in general and livestock products in particular. In 
Chapter III various aspects of empirical procedure are 
discussed. Chapters TV, V, VI, VII, and VIII present the 
analyses of supply response in the milk, beef and veal, 
hogs, poultry, and lamb and mutton sectors, respectively. 
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In the ninth chapter a further aspect of livestock supply 
is examined, namely the manner in which feed grain consump­
tion by the various livestock sectors responds to relative 
price movements. In the final chapter the preceding chapters 
are drawn together and comparisons are made between the 
responsiveness of sector supplies to various price movements 
and the time periods over which responses take place. 
The study deals with relationships derived from past 
data. There are certainly many limitations to this approach. 
The true price response structures may not have been stable 
in the past, and they may change in the future. Our knowl­
edge of the past is also limited by the number of years for 
which price and output data are known, and these series have 
frequently been so short that it has been impossible to 
draw from the analyses inferences with the degree of 
confidence we would like. In some cases we have only been 
able to demonstrate a consistent association between 
variables, as the analyses have not permitted the making 
of very stringent estimates of the amount of response. 
In other cases estimates of the effects of particular 
variables are clearly contrary to what good sense suggests 
they should be. Yet in spite of the limitations of the 
techniques of analysis and the data used, many consistent 
relationships between past prices and outputs have been 
demonstrated and estimated. It is hoped that the significance 
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of this study will be found in the light of its estimates 
of past price response behavior and an appreciation of 
why it has been what it appears to have been. 
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CHAPTER II ï TEE THEORY OF COMMODITY SUPPLY AT THE 
FIRM AND INDUSTRY LEVELS 
The Economic Theory of Supply 
The theory of the supply function for both firm and 
industry in economics has been developed within the 
restricted model of perfect competition. The supply 
function for the single product competitive firm is the 
relationship which shows, ceteris paribus, the amount of 
that product which will be offered on the market at each 
price. A similar concept can also be defined for the 
multi-product firm, though its nature will depend upon 
whether or not the ceteris paribus conditions allow for 
the readjustment of output levels of all products to 
maintain Internal equilibrium within the firm. 
The definition of this concept has been of great 
importance in developments of the partial and general 
equilibrium theories of Marshall and Walras respectively, 
and their subsequent unification in the work of Hicks. 
The nature of firm and market equilibria, and hence the 
effects of public policy on prices, output, and income, 
thus depend significantly on the nature of the supply 
function. 
The economic theory of supply is based firmly upon 
the theory of production. In the micro-economic theory 
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of the firm under perfect competition there exista a unique 
relationship between production, cost, and supply functions. 
Each is part of one comprehensive theory. 
In the single product firm the short-run supply function 
(where one or more resources are fixed) is determined by the 
allocation of variable resources which maximizes net return, 
and corresponds to that part of the marginal cost function 
for which marginal cost is greater than average variable 
cost. Classically this occurs In the region of the produc­
tion function where total output changes at a smaller 
percentage rate than the variable factor and quantity 
supplied changes in the same direction but at a smaller 
percentage rate than the change in price. The long-run 
supply function (where all resources are potentially 
variable) is similarly that portion of the long-run marginal 
cost function for which marginal cost is greater than 
average cost. 
The analysis of supply for the multi-product firm in 
the short-run is complicated through having to deal with a 
cost surface rather than a cost curve, though it is similarly 
determined by that allocation of resources to the various 
output products which maximizes net return to the firm. 
This occurs where marginal returns to all products are equal 
and equal to marginal cost. Any price change for one product 
will change Its per unit revenue causing a change in the 
level of the variable input allocated to that product, 
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». and also, If technically possible, the allocation of fixed 
resources between various products. Thus, unless products 
are technically independent, the supply function for the 
individual product in the nrult 1-product firm is likely to 
be more elastic than the supply function for the product 
in the single product firm. The_exact nature of the former 
function depends on the technical product-product relation­
ships of the firm, I.e., the firm's total cost function. 
The supply of a commodity at a given price for an 
industry as a whole is the aggregate of individual supplies 
at that price. By this process of aggregation of actual or 
potential supply, the supply relation for the industry can 
be found. The industry supply function is thus derived 
from supply functions for the component firms. The classical 
theory of production thus specifies a firm and industry 
supply curve (function) which rises to the right. The 
slopes of these curves will depend upon the technical 
characteristics of production and the distribution of fixed 
resources among firms. 
The hypothesis of U-shaped short-run marginal and 
average cost curves, which follows from the classical 
variable proportions production relationship, should not 
go untested, however. Other functional forms have been 
hypothesized such as the rectangular hyperbolic average 
cost curve (constant marginal cost) or the linear segment 
cost curves of linear programming. Johnston (57) suggests 
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the former. Having analyzed statistically the cost structure 
of 6 industries using both time series and cross-section 
techniques, he states: 
" Three Important points to note, however, are 
(a) that in the majority of cases where statistical 
tests have been applied, the hypothesis of a linear 
total cost function has not been rejected, (b) that 
most often no statistically significant improvement 
on the linear hypothesis is achieved by the inclusion 
of the second- or higher-degree terms in output, and 
(c) that supplementary tests, such as the examination 
of incremental costs ratios, usually confirm the 
linear hypothesis." (p. 170). 
The Theory of Agricultural Supply 
The classical supply theory of economics relates only 
quantity of output to price, other things remaining constant. 
This does not adequately (or perhaps even significantly) 
account for variations in agricultural output. When the 
purpose of analysis is prediction, it is important that all 
factors affecting supply should be considered. In view of 
this fact we will consider 2 types of relationship between 
price and quantity offered for sale, following Heady (44) 
and Cochrane (17), namely, 1. the supply relation, and 2. the 
response relation. 
The supply relation is the relationship between the 
quantity of product offered for sale and product price 
relative to other commodity prices, in a given time period, 
and ceteris paribus. The concept obviously shares the 
character of other concepts of economic science in being 
an abstraction and it cannot therefore be measured as such 
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In any ex post analysis where the environmental background 
is constantly changing. We may, however, postulate models 
of supply under certain environmental conditions. Such 
models may be very useful in prediction* E.g., linear 
programming models have gone a long way in indicating the 
structural nature of supply elasticity under various land, 
labor, and capital restrictions. 
The response relation is the relationship between the 
quantity of product offered for sale and variation in product 
price relative to other prices, in a given time period, 
however the change in quantity takes place. For the concept 
of response we hence drop the abstract framework of the 
supply relation. We can endeavor to measure the response 
relation with a view to prediction of future output as price 
(or any other determining variable in our prediction 
function) is varied. The supply relation is reversible. 
The response relation, however, takes into account the 
dynamic background of production. Since we cannot turn back 
the hands of time, with all the changes associated with time, 
we cannot think of the response relation as being reversible 
in the same sense as the supply relation. 
In the subsequent discussion we will consider the nature 
of the response relation in agriculture, being guided by our 
knowledge of the principles of agricultural production and 
general market behavior. The theory conceptualizes the 
response relationship for the individual agricultural 
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commodity and agricultural commodities aggregated, for both 
the firm ( farm) and the industry. 
D. Gale Johnson (54) considers that the response of 
quantity to price depends on 4 major categories of factors: 
1. technical relationships, 2, objectives and behavior of 
farm operators, 5. demand conditions for output, and 4. 
supply conditions for factors of production. As a sub­
division of no. 2 we can add: 2a. the nature and certainty 
of price and technical expectations. We will consider demand 
conditions for output, i.e., changes in the relative prices 
between output, factors, and other products, as an aspect 
of the supply conditions for factors of production. 
Supply conditions for factors of production 
Let us first assume given technical relationships, 
subjective price certainty, and that farmers maximize 
profits. The characteristics of the supply (response) 
relationship must then depend upon the supply relationships 
for factors of production. In the short-run resources of 
land, labor, and capital are considered to be fixed for the 
farm as a whole, but variable in their services between 
enterprises within the farm. This is more likely to be the 
case in farming than in non-farm activity. Thus the com­
modity supply function for the firm will be fairly elastic 
to full capacity, depending on the number of alternatives 
whose price-cost ratios come within the relevant economic 
range considered. 
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The aggregate supply function for the firm in the short-
run, however, is highly inelastic. Resources for the farm as 
a whole are fixed in the short-run, and have little oppor­
tunity for non-agricultural employment. That is, the 
opportunity cost for fa ira labor, land, and fixed capital 
is very low for non-agricultural alternatives, and these 
factors can be considered as fixed in supply. Variable costs 
in agriculture are often low, and from the general theory of 
supply enunciated above, it can be seen that there will be a 
tendency for capacity production under very low product 
prices. This will not be true where the proportion of 
variable to total cost is high and the credit supply is not 
limited. 
Elastic commodity supply functions to full capacity, and 
inelastic aggregate supply functions are therefore postulated 
for the farm. These are the basic presuppositions of 
comparative budgeting and the theory of static linear 
programming analysis. 
On the basis of these relationships for the farm we 
would expect the short-run supply functions for particular 
commodities in agriculture as a whole to be fairly elastic. 
Transfers of resources within agriculture are relatively 
easy, as labor and capital need not be shifted between firms 
and regions, and these resources are fairly adaptable between 
certain alternatives. Transferences of resources between 
agricultural uses may not be continuous, however. Within 
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fairly wide price-cost ratios 110 transferences may take 
place, while at other critical ratios large movements of 
resources will take place from one use to another. 
Similarly, the aggregate supply function for agriculture 
is inelastic in the short-run. The aggregate supply func­
tions for farms are inelastic in the short-run, and aggregate 
output for agriculture is the summation of the individual 
farm output. 
A note of caution must he raised when talking of an 
aggregate supply function. In the abstract economic theory 
of supply we consider solely the quantity of a single 
homogeneous product offered for sale at various levels of 
price offered for that product, other things being equal. 
The concept of an aggregate function implicitly introduces 
the need for weights and index numbers. Practical criteria 
have been formalized for the construction of index numbers, 
but these are not always economically or statistically 
meaningful. 
The changes in elasticity In going from the short-run 
to the long-run can only be stated very generally, as the 
length of the planning horizon Is not clear cut and is only 
inadequately measurable. As the number of fixed resources 
decreases the production function becomes more elastic. 
We would therefore expect the aggregate supply function of 
both the farm and agriculture as such to become more elastic 
over longer periods. 
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Thus far we have considered the situation (short-run) 
where total factor supply is relatively fixed, but factor 
service is divisible and adaptable. We have considered 
constant factor prices, and have thus formulated character­
istics of the true supply functions for agriculture. In 
describing the response relations, however, we must take 
into consideration the obvious fact that prices for outputs 
and factors of production are not independent. Thus a theory 
which conceptualizes the true response relations of agricul­
ture must embrace the characteristics of the supply functions 
of the factors of production in agriculture. 
D. Gale Johnson (54) has postulated the effect of the 
characteristics of response relations for factors of produc­
tion in agriculture on response relations for agricultural 
output. He postulates that in periods of, say, less than 
5 years the responses of land, labor, and farm machinery are 
very inelastic. This will apply particularly in periods of 
declining prices when durable capital equipment and land 
already In production have no use outside of agriculture. 
In these circumstances labor might migrate out of agricul­
ture, but where prices are falling with consequent unemploy­
ment farm laborers may be willing to accept lower wage rates 
rather than be unemployed. 
With an increase in the demand for an agricultural 
product, however, its price will rise enabling more product 
to come onto the market before marginal revenue and marginal 
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cost are equalized. This In turn will Increase the demand 
and price for factors. Therefore as farm product prices 
vary in relation to industrial prices they may not vary in 
relation to prices of factors of agricultural production. 
Consequently farm prices and costs tend to rise and fall 
together (except for interest on long-termed debt), and 
employment of labor, land, and capital do not change 
appreciably. 
Therefore, as demand for agricultural commodities 
increases the prices of land, labor, and capital rise, and 
the supply curve also rises. As a result the apparent supply 
curve (response relation) appears very inelastic when in fact 
we have observed several points on several more elastic 
supply curves. Johnson explains the observed stability of 
agricultural output through periods of changing levels of 
economic activity and prices in terms of the relative 
stability of product price to factor cost ratios in 
agriculture. 
Glenn L. Johnson (55,56) carries the type of analysis 
initiated by D. Gale Johnson further in the analysis of 
aggregate agricultural response through a consideration of 
the theory of fixed assets. Aggregate agricultural supply 
can only be understood as we are able to explain why factors 
move into or out of agriculture and then become fixed. An 
asset can be considered as fixed if its disposal price is 
less than its marginal value productivity in use, which is 
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In turn less than Its acquisition cost. Under these circum­
stances it obviously does not pay to dispose of the asset or 
expand its use. Using halved-normal, normal, and double d-
normal fana product prices, Johnson (56) expresses hypothe­
sized relationships between acquisition costs, disposal 
values, and expected marginal value productivities for 9 
categories of agricultural factors during the 4 phases of 
the business cycle. He explains the small variation in 
aggregate agricultural output throughout the business cycle 
from a consideration of the factor flows into and out of 
agriculture consequent to the hypothesized price movements. 
Also, the aggregate supply curve for a variable structure 
of prices has a positive elasticity, is more elastic under 
increasing agricultural prices than decreasing prices, is 
more elastic under increasing agricultural prices during 
recovery and prosperity than during recession and depression, 
and is less elastic downward during recovery and prosperity 
than during recession and depression. 
The theory of fixed assets approach Is important in 
determining the effect of land and labor supply on agricul­
tural output. Disposal prices for land employed in any 
particular use are those associated with supersession costs 
and opportunity costs. In the short-run the opportunity 
costs for rural land in non-agricultural production approach 
zero. Therefore, while land in agriculture has any marginal 
product at all, it will be used, and thus the supply 
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response of agricultural land Is highly inelastic. The 
opportunity costs for alternatives within agriculture, 
however, are important. These are determined by relative 
price movements for alternative agricultural commodities. 
Similarly, due to the immobiliti.es of labor, opportunity 
costs for agricultural labor outside of agriculture in rural 
areas will be low, and the supply of labor in agriculture 
will be stable within wide price-cost ranges. This situation 
is obviously relative to the mobility of labor between 
industry and agriculture, and of industry and services 
between industry and agriculture, and of Industry and 
services between rural and urban areas. 
Finally we must consider the possible influence of a 
backward sloping supply curve for labor on agricultural 
supply. Backward sloping supply curves for labor have been 
shown by econometric analysis for industrial labor, and have 
been demonstrated theoretically (over at least part of their 
range) from an analysis of the hypothetical leisure «-income 
indifference map. The question arises as to whether a 
decline In product price, bringing about a decline in farm 
income, will cause a greater input of operator labor, lower 
marginal cost, and thus increase product output. Ladd (62) 
critically examines this question within a theoretical 
framework, and concludes that a negatively sloped agricul­
tural supply curve cannot be deduced a priori, but that 
Its existence depends on particular production relationships, 
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leisure-Income preferences, farm and non-farm opportunities, 
and the structures of owned to purchased resources in 
production. 
Objectives and "behavior of farmers 
Any thorough analysis of the aims and behavior of farm 
families lies outside the scope of this study, but their 
nature cannot be ignored in any supply analysis. We have 
assumed thus far that farmers maximize firm revenue by 
equating marginal returns to all factors at a level equal 
to marginal cost. This automatically puts a cost on operator 
labor which is determined by the operator's leisure-income 
preferences. Similarly, many resources, notably variable 
capital, which may be rationed for the farm as a whole, will 
be competed for by the firm and household sectors of the 
farm. Little attention has been given to the problem of the 
intricate amalgum between production and consumption within 
the farm unit. 
The knowledge situation 
Similarly, ignorance and uncertainty must have a 
profound effect on the supply relation. Ignorance, Insofar 
that it involves the use of sub-optimum technology and 
market expectations, is cost raising, and, if we assume 
that the consequences of ignorance increase with level of 
inputs, tends to decrease elasticity of supply. Uncertain­
ties which are built into the vagaries of the physical and 
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economic environment are also cost raising when viewed 
a posteriori. Precautionary measures taken to minimize the 
effects of uncertainty, such as diversification, insurance, 
contracting, or the selection.of less variable enterprises, 
all introduce rigidities to supply response. Risk aversion 
is itself an important factor in limiting capital borrowed, 
as shown by Heady (45, Chapter 18). 
Many farm management analyses using cross-section data 
have been published since the early 1940's, and most indicate 
that the conditions for economic efficiency are not, 
a posteriori, attained. Any factors, therefore, which act 
to reduce ignorance and uncertainty will certainly improve 
agricultural efficiency and increase the elasticity of 
supply response. 
Uncertainty also appears to be largely responsible for 
the lag in adoption of new techniques. Farmers are limited 
In their ability to be able to interpret technical relation­
ships from a given situation for use in their own particular 
situation. They are therefore likely to delay applications 
of new techniques until their judgments can be based on 
wider knowledge. Uncertainty will discount returns and, 
particularly when income is low, innovation will be postponed 
until discounted returns rise sufficiently. 
Ignorance and uncertainty, however, are not the only 
factors causing inefficiencies. Many institutional rigidi­
ties can perpetuate misallocations of resources where we 
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assume that the pricing system reflects relative consumer 
preference. Institutions which separate the pattern of 
distribution of product from incidence of costs will act to 
decrease the elasticity of supply (from society's viewpoint). 
The institutional framework of agricultural rent is a case 
in point. A lease is economically inefficient if it causes 
total land and other resources of the landlord and tenant 
to be used in any way other than that which is reflected 
by the price system. 
Technology and innovation 
We are now brought to the role of technological innova­
tion in explaining changes in supply response. Undoubtedly 
when we consider the secular movement in output and the 
structural changes in resource use in the economy we must 
consider the dynamic technological framework in which produc­
tion takes place. Several authors point to the dispropor­
tionate growth of product to factors over the past century. 
Schultz (77), in particular, considers that new techniques 
(and concurrent improvement in the quality of labor) have 
played such a determining role as to make an analysis of 
growth in output in terms of 'conventional inputs' totally 
inadequate. Heady (44), however, suggests that Schultz' 
basis for aggregation is too large, and that an analysis of 
factor readjustments would show that 'conventional inputs' 
considered in unconventional categories explain a 
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considerable portion of the aggregate output changes in 
agriculture. 
The chief characteristic of technological change is 
that it is cost decreasing, i.e., a given product can be 
produced with a smaller discounted cost. The effect of this 
is an increase in production, though over time, with an 
increase in output for the industry. Agricultural prices 
will fall checking expansion or forcing less efficient 
farmers out of agriculture. The general effect of tech­
nological development on short-run supply will, however, be 
one of shifting the response curve to the right. This, in 
fact, is reflected in changes which have taken place in 
aggregate agricultural supply over the last century. 
Technical advance also causes changes in the rates at 
which factors substitute for each other in production. 
This means that through time the basic structure of agri­
cultural resource flows are changing, with capital substi­
tuting for land and labor in production. This may cause 
the ratio of variable to fixed factor inputs in the 
planning period to increase over time, with a consequent 
increase in the short-run price elasticity. 
The nature and rate of technological advance, then, 
cannot be ignored in the analysis of the structure of supply 
response. Cochrane (17) stresses this point, and from it 
concludes that the long-run supply response is more elastic 
while prices are increasing than when prices are decreasing. 
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During the increasing price phase capital becomes more 
readily available and with buoyant expectations technical 
innovations take place moving the supply curve to the right, 
with a consequent elastic response as prices rise. But 
since innovations are coat decreasing they are not relin­
quished as prices fall, and hence the response to a fall in 
price is less than a response to an equivalent price rise. 
Inventory adjustment and agricultural supply 
Little attention has been given to the theory of the 
very short-run price response in agricultural supply, i.e., 
the response to price of agricultural market supplies taking 
place within the production period. This may be of little 
consequence when the supply accounting period and the period 
of production are of the same duration. Yet in many facets 
of agricultural production the period of production is not 
and inherently cannot be clearly defined. This is most 
evident in certain livestock enterprises where working 
capital and final product may be one and the same thing. 
A heifer calf, for example, may be slaughtered for a certain 
quality of meat or incorporated into a breeding herd, where, 
after breeding perhaps 5 calves, it is slaughtered for a 
different quality of beef. 
Factors which lead to decisions as to whether heifers 
are slaughtered or kept for the breeding herd, the weight 
and age at which steers are slaughtered, or whether lambs 
will be slaughtered or kept for breeding or wool production, 
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are extremely complex, but have important implications for 
annual supplies and the trends of annual supplies. Such 
decisions, and the factors which lie behind them, are 
important determinants of the long-run cattle and sheep 
cycles, and possibly of the shorter 2 or 4 year hog cycle. 
It may well be, following SchumpeterTs (78) analysis of 
economic development, that the key to certain aspects of 
the long-run trends in these enterprises follows from the 
opportunities for technological innovations made possible 
by the commodity cycles. 
The cattle cycle is now usually analyzed in terms of 
inventory adjustments. (See, e.g., Breimyer (11).) Yet 
whether the cyclicality is essentially self-generated 
(price-generated) or due to external (cost) factors is a 
matter which is still under debate. SeIf-generated cycles 
can be explained in terms of economic theory and the time 
period of production. When prices are rising stock are 
retained for breeding purposes. This reduces market 
supplies forcing prices still higher until the progeny of 
greatly enlarged numbers of breeding stock come onto the 
market forcing prices down. Declining prices cause the 
liquidation of breeding stock increasing market supplies 
and forcing prices still lower. This continues until the 
contraction in numbers of progeny from the smaller number 
of breeding stock start to force the price upward, and the 
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cycle "begins again. 
Recent developments In the dynamic theory of Inventory 
analysis have Important Implications for the analysis of 
livestock supply, particularly in relation to livestock 
cycles. Through their use both independent and interdepend­
ent aspects of inventory adjustment may be Incorporated to 
explain livestock cycles and trends. How useful such models 
will be depends on our knowledge of farmers1 expectations 
of feed supplies and prices which follow from past situations. 
Conclusion 
What, then, can we say about the relative importance of 
structural elements of supply? This is a problem which 
cannot be adequately answered without reference to facts of 
production. Comparatively little work has been done on the 
empirical estimation of supply relationships, though during 
the last 2 or 3 years an increasingly larger number of 
studies have been published in this field. 
Until the advent of linear programming analysis, no 
significant econometric work had been done on the estimation 
of the supply relation for the farm firm. The optimum plan 
given by the linear programming analysis does not vary 
continuously as price ratios change, but rather at discrete 
critical ratios. As a consequence the supply function will 
be discontinuous. The average of farm commodity supply 
functions may well become continuous in aggregate, but the 
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linear programming approach is highly suggestive for the 
nature of elasticity coefficients. 
The more traditional econometric approach to supply 
response is through time series analysis using least squares 
regression, or, more recently, simultaneous equations 
methods. These studies have been made for predictive 
purposes. They take behavioral aspects of production as 
given, and thus far have not analyzed effects of changes in 
uncertainty, relative efficiency, and objectives in farming. 
Technological change has only been inadequately considered. 
But undoubtedly the rough elasticity estimates are a consid­
erable improvement over our purely theoretical knowledge, 
which only indicates the relevant factors which may affect 
supply, and the direction of their influence. 
A theory of supply, however, is essential if worthwhile 
and increasingly realistic econometric models are to be 
built. As our models grow in their efficiency as predictors 
they will more adequately serve in the formulation of 
remedial hypotheses in agricultural adjustment. This is 
the end in view of the following chapters. As we know the 
implications of possible alternative course of action, 
social ends can more adequately be achieved. 
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CHAPTER III: PROCEDURAL CONSIDERATIONS 
Economic Prediction 
A predictor is a rule which relates the outcome of an 
event to conditions in the current or historic environment 
in which the event takes place. It implies, at least within 
tolerable limits, that a consistent relationship exists 
between the event predicted and certain environmental 
phenomena. In the subsequent chapters of this work we 
develop quantitative predictors for individual livestock 
products produced on farms in a given near-future period. 
In the current chapter a critical analysis is made of the 
methods by which such quantitative predictors are derived. 
Two problems are clearly raised by our definition of 
a predictor. In the first place, unless the predictor is 
a definitional statement, our knowledge of the relationship 
between the outcome of an event and its environment follows 
from our experiences of the past® Relating known past 
events is a closed problem, since it follows from a limited 
domain of experience. But the purpose for developing a 
predictor is to provide knowledge about a future event, or 
the likely outcome of the event under alternative states of 
its environment. Such is an open problem, but since there 
can be no knowledge of the future except through the past, 
the closed problem rule relating past events to their 
environment must also serve as the open problem predictor. 
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We assume that when we can relate past events to environ­
mental phenomena we can, on the basis of this knowledge, 
conditionally forecast the outcome of future events. For 
many reasons, however, this assumption, itself based on 
experience of the past, may be ill-advised. The goodness 
of a predictor thus depends on the success of the rule 
relating past events to their environments and the extent 
to which the relationships of the past will apply in the 
future. The former can be adequately tested according to 
many criteria, but the latter is contingent upon the vagaries 
of the future. 
The usefulness of a predictor will thus largely depend 
upon the manner in which the ex post relationship has been 
derived. The formulation of a relationship is never 
uniquely determined by the event it predicts, and at best 
it can only freeze an aspect of the processes involved. 
The relationship thus derived abstracts significant aspects 
of the environment from the contingencies thought to have 
been unimportant in explaining the past history of the 
event. The aspect of a complex of processes which a pre­
dictor isolates is never independent of the analyst or the 
purposes for which the prediction is made. Thus an equation 
which adequately describes a relationship between various 
events may still prove to be an unsatisfactory predictor 
for the policy maker if it does not incorporate factors 
which he can manipulate. 
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The nature of the abstraction of a relationship is of 
fundamental importance. The distinction between the ex post 
derivation of a relationship and the ex ante prediction of 
an event is very frequently overlooked in evaluating the 
usefulness of a predictor. An event may have many associated 
factors, and from this number the analyst must select a 
battery of significant factors thought to be useful for 
prediction. The number of significant factors is determined 
largely by the degree of precision required in accounting 
for past behavior of the event and the range of variation 
observed in past situations. But as the domain of observa­
tion changes, new factors not previously considered may 
become so important as to invalidate the relationship 
abstracted to explain previous events for the purpose of 
predicting future events. 
Yet even if the background conditions do not change 
appreciably in the future, a relationship found to exist 
between a past event and its environmental phenomena will 
only prove to be a useful predictor if these environmental 
phenomena associated with the future event are more easily 
known than the event itself. Such is potentially the case 
where the phenomena related to the event are 1. Known 
forces which can confidently be expected to continue into 
the future (such as seasonal variation or time itself), 
2. Lagged to the event in time so that they are known prior 
to the event (such as lagged prices), or 3. Able to be 
so 
controlled. It must be realized, however, that the process 
of control may itself preclude the continuation of a past 
behavioral relationship into the future, and thus limit 
the usefulness of the ex post relationship for prediction. 
Thus far no association has been made between predic­
tion and causation. It is not necessary, for example, that 
an equation in its role as a predictor, be interpreted as 
a causal relationship. A mathematical formulation of a 
relationship may be reversible in both functional and 
prediction senses, yet not be reversible in the causal 
sense. If a relationship between phenomena is not exact, 
a statistical procedure such as correlation or regression 
analysis can be used to estimate an association for predic­
tion. The former measures the strength of mutual association. 
The latter is more stringent. In addition to measuring 
strength of mutual association between a variable and a 
battery of regressors (acting together, in groups, or 
individually) regression analysis enables the estimation of 
the value of a variable from the realized or trial values 
of the regressor variables; it enables hypotheses about 
the functional nature of the relationship to be tested; 
it enables alternative hypotheses about the influence of 
regressor variables to be tested; and it determines residual 
effects after the influences of related variables have been 
discounted. Yet, as Wold (104) suggests, the interpretation 
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of a regression is similar to that of a controlled experi­
ment , and the formulation of the regression model, most 
especially the assumption of independence of the disturbances 
and regressor variables, implies (at least hypothetically) 
a causal relationship. Simon (81) retains the concept of 
causality for asymmetric relationships between groups of 
variables. Asymmetry frequently follows from an ordering 
through time of the variables involved, but this is not the 
only source. The terms "functional dependence" or "func­
tional interdependence" may be more appropriate than 
"causal dependence". In the case of functional inter­
dependence the single equation regression model must be 
replaced by a more general simultaneous equation estimation 
procedure. 
The approach of logical positivism is now generally 
accepted as providing the soundest base for scientific 
prediction. A statistical analysis of known past events 
is made on the basis of an a priori hypothesis about the 
nature of the relationships involved expressed in terms of 
concepts which are operationally verifiable. Prediction 
thus proceeds from a hypothetical relationship which is both 
estimated and tested by a statistical procedure. If the 
hypothesis is not rejected, the estimate is used, together 
with realized or trial values of predictor variables, to 
determine probability distributions of the predicted variable 
or variables. The success of the logical positivist approach 
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is not unqualified in the social sciences, however, due to 
a greater potential breakdown of the assumption of no 
significant change in the distribution of environmental 
phenomena--ceterls paribus—in these fields than exists in 
the physical sciences. 
An economic relationship used for prediction may require 
the use of prior or "higher order" predictions. It may be 
necessary to proceed through a chain of prediction equations 
in order to derive an adequate forecast. A forecast may 
also be obtained as a definitional relation between 2 or 
more other predicted variables. Often a forecast must be 
generated from both higher order predictions and a defini­
tional relationship between the same higher and lower order 
predictions. In dealing with livestock response relation­
ships, for example, separate estimators may be obtained for 
livestock numbers and production per animal, the latter 
relationship itself depending on livestock numbers, and 
thus a synthetic estimate of total production can be derived. 
Single equation techniques will still be appropriate for 
forecasting systems provided that the constituent relation­
ships are not mutually interdependent. Caution should be 
displayed in working with such systems, however, due to the 
effects of cumulative errors and the likely influences of 
underestimation of changes in higher order predictions. 
An analysis of these potential error sources is given by 
Theil (83). 
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Supply response is a behavioral relationship, though 
underlying it are many relationships of a technical, 
institutional, and definitional nature. (This 4-fold dis­
tinction between types of economic relationships follows 
Tiribergen (86).) Output follows from the interaction of 
the implementation of plans which incorporate farmers' 
expectations and various exogenous influences from the 
physical environment. Expectations are notoriously diffi­
cult to measure. Any estimation equation which is adequate 
for appraising policy, therefore, should relate output or 
its definitional components to the predetermined variables 
which are considered to determine the relevant expectations. 
Which expectations are relevant in estimating a behav­
ioral relation depend on the plans upon which action is 
based. In the econometric analysis of supply the price and 
cost elements which allocate resources available to the 
firm according to the profit maximization criterion are most 
frequently selected. The farm, however, is a basic unit of 
consumption as well as of production, and plans will fre­
quently be devised according to criteria other than profit 
maximization. For certain types of farms or regions planning 
may proceed with respect to a particular product or resource, 
and little response may follow changes in certain price and 
cost factors. Lack of knowledge of the expectation and 
decision making processes of farmers is a great hindrance 
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to an effective econometric analysis of agricultural supply. 
Models most frequently used in econometric research 
imply that plans are formulated on the assumption that cur­
rent input prices will prevail when costs are incurred, and 
current output prices will prevail at the time of final 
sales. A limited number of studies shows that this model 
differs seriously from reality (see, e.g., Kaldor and 
Heady (59)), but phenomena such as commodity cycles indicate 
that this model may parallel some real situations. Others 
postulate that farmers revise their price expectations for 
the ensuing period in proportion to the error made in price 
prediction for the current period (see Nerlove (73) following 
Cagan (14)). This leads to an equation involving past 
prices weighted geometrically through time, and this can be 
resolved into a non-homogenous linear difference equation 
for estimation and prediction. Most recently Muth (71) has 
postulated a general family of expectation models having 
operational meaning according to which expectations are 
formulated in an identical manner to their prediction by 
economic theory. 
The Distributions of Lags 
Whatever model is used, expectations in econometric 
studies are either explicitly or Implicitly considered to be 
generated from the present and past values of the expected 
variable. Thus, in supply analysis current output is 
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treated as being generated from a set of lagged price 
variables. In many economic theories an effect accrues from 
values of a determining variable spread over a range of time 
lags. In demand analysis we might expect a lagged reaction 
to price and income due to the inertia of consumption habits. 
Recent theories of the consumption function also specify 
influences of lagged income effects. In supply analysis we 
might expect a lagged reaction to price change due to changes 
required in the fixed asset structure, as well as to the 
process of expectation formation. It now becomes important 
to consider the distribution of such lags and their statis­
tical analysis. 
Irving Fisher (25,26) first explicitly introduced the 
concept of distributed lags by stating that a cause produces 
an effect that is distributed over a number of points in 
time. The relationship of the effect variable y% and its 
cause series x^._ % is 
yt- Z2 y  (t-Uf(xt_L) , (l) 
L=t -p 
where p is the total period over which the lag is distribu­
ted, and tp (t-L) is a weight function which determines the 
distribution of the lag. 
Whereas the necessity of introducing lagged effects is 
apparent, the nature of the distribution of lags is usually 
quite obscure. Knowledge about the distribution of lags 
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is important for prediction. Interest may center on the 
short-run and long-run response characteristics of price 
and cost movements, and for this a policy maker will need 
to know the probable time pattern over which the effects 
of a policy decision are reached. Nerlove (72) suggests 
3 approaches to the estimation of the distribution of lags: 
1. No assumption about the nature of the lag need be made, 
and an approximation with linear coefficients may be 
estimated using a regression model; 2. A general restrictive 
assumption is made about the profile of the lag distribu­
tion, and parameters can be estimated to comply with this 
form; 3. A dynamic model of behavior can be formulated, 
the parameters of which define a distribution of lags. 
Alt (2), in an early expository article on the distribu­
tion of lags, applied a general regression model. The 
influences of all relevant factors, including the factor 
for which lags are to be estimated, lagged by a rough 
estimation of the average length of the lag, on the dependent 
variable are estimated. The dependent series is adjusted 
for the influences of factors other than the lagged variable, 
and the lag coefficients are estimated by least squares 
regression. The system may be represented as; 
where y% (expressed, as are the , as deviations from 
( 2 )  
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the mean) is the adjusted dependent variable. The length 
of the maximum lag, p, is determined by adding successively 
larger lags until coefficients become irregular. The short-
run and long-run coefficients of adjustment can then be 
V""P 
given as aQ and aL respectively. Alt is aware of, but 
offers no correction for, unreliability of estimates due to 
the intercorrelatlon of factors used as independent variables. 
This method is straight forward and does not strait 
jacket coefficients into a form which does not adequately 
specify the dependent variable. It is, however, costly in 
terms of degrees of freedom lost through estimation where 
many lags are fitted. This soon becomes a limiting factor 
when time series are short. 
The early Fisher models assumed a general restrictive 
form to the lag distribution. Fisher considered that a 
log-normal type of distribution is likely in many cases, 
and this can be approximated by a distribution having its 
greatest effect lagged 1 period, and the effects then 
tapering off by equal decrements for successive time periods. 
Thus the only parameter to be estimated is the period over 
which the lag is distributed. 
An interesting extension of this method having important 
implications in the estimation of a short-run and long-run 
response relationships has been given by Working (106) and 
generalized by Ladd and Tedford (64). We assume a model 
which is similar to equation 1, 
38 
?t = Eo aixt-L • (s) 
If the influence of on 7t expected to decrease as 
L becomes larger, this information should be utilized. As 
an approximation the are related by the diminishing 
arithmetic series 
aL = aL-1 +k = a-j_ + (L-l) k; L = 2 ..., p; 
where a^ and k are of opposite signs. Since it is necessary 
that the series of coefficients must approach zero, a 
restriction is imposed that a^ + pk = 0. 
By substituting these restrictions into equation 3, 
the equation becomes 
yt = a0xt+alxt-l+(al + k)xt-2 + (al + + 
... + + (P- 1>k]xt-p • (4) 
or 
= a0Xt + al Xt-L+k E^P (L"1)Xt-L • (5) 
The variables of the second and third terms in equation 5 
are simple and weighted sums respectively. They may be 
converted to simple and weighted averages by dividing by 
p and Y. (L-l). Then 
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Vt4p«l 1 = 1 *t~L+ k L^g(I"1)I'°ggL 1)3Ct'L. (6) 
P L?2 (L-l) 
Thus, if equation 3 is a demand function (y = quantity, 
x - price) the coefficient of adjustment in the short-run 
is 8q, and in the long-run it is 
V—' P 
a0 + pa-L + kL (L-l). 
L = 2 
If equation 3 is an agricultural supply function where 
current price has no effect on output, the term in xt does 
not enter, and the coefficient of adjustment in the short-run 
is a^, and in the long-run it is 
V  '  P  
p a ] _ + k  L  (L-l)  .  
L = 2 
The method is easy to fit and is economical in the 
parameters to be estimated, but it gives no method for 
determining the value of p, other than by trial and error. 
In the methods of Fisher and Ladd and Tedford lagged 
price effects diminish by equal (arithmetic) decrements. 
Koyck (61) suggests a distribution by which, after a certain 
point (we again assume this to be a lag of 1 period), lagged 
price effects diminish by geometrically decreasing decre­
ments. Assuming model 3, the a^ are related by the diminish­
ing geometric series 
c Rl-1 aL = baL„1 = b &1 , 
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where 0<S S 1. By substituting this restriction into 
equation 3, the equation becomes 
L-l 
%= aOxt+alxt-l* Salxt-2+ ••• + 5 aLxt -L + " * * (7) 
By lagging equation 7 one period, multiplying by 5 , and 
subtracting we get 
= a0Xt + (al" <a0)xt-l + S?t-1 • (8) 
Equation 8 is a linear non-homogeneous first-order 
difference equation. Thus, if equation 3 is a demand func­
tion, the coefficient of adjustment in the short-run is 
HQ, and in the long-run it is 
a0 + • 
1  -  S  
If equation 3 is an agricultural supply function where cur­
rent price has no effect on output, the term in x^. does not 
enter, and the coefficient of adjustment in the short-run 
an 
is a^, and in the long-run it is — 
The lag distributions of Fisher and Ladd and Tedford 
are characterized by a single parameter, namely p, the length 
of the maximum lag. The constant response decrement, k, then 
follows from the restraints of the models. The lag distribu­
tion of Koyck is also characterized by a single parameter, 
namely S > the constant fraction by which successive response 
coefficients are diminished. There is no maximum lag. 
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The latter distribution is far more flexible since the 
relative weighting given to each lag period varies consider­
ably according to the value of S . 
There are, however, serious drawbacks to the Koyck 
model. The presence of a serially independent error term 
in equation 7, an hypothesis which can be tested, will 
result in a composite error term which is autocorrelated 
in the first order difference equation 8 due to the intro­
duction of the lagged endogenous variable, 7^-1* The 
presence of a serially correlated error term biases the 
estimates of parameters. Nerlove (73) shows that if error 
terms are autocorrelated in equation 7 under certain condi­
tions they will be serially independent in equation 8. A 
test for autocorrelation in equation 8, however, is likely 
to break down due to the incorporation of the autocorrelation 
structure into the estimation of S . Techniques have been 
devised to derive unbiased estimates of parameters under 
various assumptions about the nature of the autocorrelation 
of errors. Such techniques, however, greatly complicate the 
work involved in estimation. They are treated at greater 
length below. Where lag distributions are considered for 
more than 1 variable, the response relationship reduces to 
a higher order difference equation unless a common lag 
distribution is assumed for all variables. High correlations 
are likely to occur between the endogenous variable lagged 
over various periods, and this precludes the estimation of 
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stable and independent parameters to give a knowledge of the 
separate response effects. Higher order difference equations 
also potentially complicate the autoregressive error relation­
ships . 
Nerlove has published numerous studies on supply and 
demand based on dynamic models of behavior, the parameters 
of which define a lag distribution which is identical to that 
given by Koyck. In the first behavior model adjustment 
follows a time path due, say, to response inertia to price 
and income changes in demand or investment rigidities in 
supply. The model defines an equilibrium to which a response 
moves, and a moving transient effect which is made manifest 
from period to period. In agricultural supply analysis we 
can assume an equilibrium quantity, y^ , supplied at a 
current expected price, x*, and during each period producers 
adjust output to this equilibrium by a constant fraction of 
the difference between the equilibrium output and output 
of the immediate past period. I.e., 
- 
7t-i = 0<Y<1- (9) 
If equilibrium supply is given by 
— *èr 
?t = ' (10) 
then by the substitution of 10 into 9, 
yt = a* x£ + (1 -îf)yt„1 . (11) 
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If is observable (say, as estimates of the param­
eters of equation 11 lead to coefficients of adjustment in 
the short-run (a# ) and long-run (a). 
In his second behavior model Nerlove assumes that 
producers revise their price expectations for the coming 
period in proportion to the error they made in the prediction 
of current price. Thus, if x* and x*_^ are the expected 
prices in periods t and t - 1, and 3^.-1 is the price realized 
in period t - 1, then 
4  -4-i= i  <*t-i  -  4- i > >  ( 1 8 >  
If the supply response equation in terms of expected price is 
7t = &x* , (15) 
since the last period's output is a function of the last 
period's expected price, this period's expected price can 
be given as a function of last period's actual price and 
last period's output. Thus 
4 = 0xt-l + % (i )?t_i ' (14) 
Current output may therefore be expressed as a function of 
last period's actual price and output. 
7t = a/* xt-i+ (1 m P  )7t-i • (16) 
Estimates of the parameters of equation 15 lead to coeffi­
cients of adjustment in the short-run (ay? ) and long-run (a). 
Equations 11 and 15 are both first order difference 
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equations, and follow directly from the model assumptions. 
They do, however, imply distributed lag responses, following 
from the first order difference equations 9 and 12. These 
have solutions 
t 
7t = £,.(!..)% (16) 
t 
Xt = Bo , (I') 
respectively. By substituting equation 16 into 10 and 
equation 17 into 13 we obtain 
= ** iÇ0 (I" * , (18) 
t 
?t = Bo (1"^)t"1 xi » (19) 
* 
which are distributed lag equations in the variables and 
XjL respectively with lag distributions which are similar to 
those of the Koyck models, such as equation 7. 
The problem becomes more complex if both models are 
assumed to operate together. Equations 9, 12, and 10 lead 
to 
y t  =  a/?y  +  [(i - p )  +  ( l - ) ] d - j S  )(i - y ) y ^ _ g .  ( 2 0 )  
Adjustments enter equation 20 symmetrically, and the 
individual effects of y0 and Y cannot be isolated. Nerlove 
(73) develops methods by which they may be approximated, 
however. 
45 
The implications for estimation of these models are 
extensively treated by Nerlove (72). They share the limita­
tions of the Koyck formulations. Some false interpretations 
may result where trends are not removed, as more than one 
a priori model may lead to the same specification which 
Nerlove adopts. The inferences which Nerlove makes with 
respect to short-run and long-run effects, however, can be 
made with respect to the final difference equations alone, 
and in the absence of empirical testing of his expectation 
and adjustment models, the principle of parsimony would 
lead us to omit the consideration of these hypotheses. 
Economic and Statistical Specification 
In economic theory and empiricism there is a consider­
able range in the precision with which relationships are 
defined. The assumptions of perfect competition and the 
variable proportions relationship, for example lead to 
theoretically precise short-run supply curves for the firm 
which corresponds to that portion of the U-shaped marginal 
cost curve with a positive derivative which lies above the 
point of minimum average variable cost. As restrictive 
assumptions are relaxed, models are aggregated beyond the 
firm level, and the uncertainties of production and the 
market are considered, a priori knowledge of the functional 
nature of supply response becomes weaker. 
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The functional nature of micro-definitional and micro-
technological relationships is often clearly known a priori. 
In most macro-behavioral relationships form is not clearly 
evident. Considerable experimentation with respect to 
functional form and aggregation of variables may be necessary 
to improve goodness of fit and reliability of prediction. 
Goodness of fit may be obtained at the expense of either 
disguising the variables we want isolated for information 
in policy decisions or depressing the forecasting accuracy 
of the predictor. We are here faced with a decision problem 
over the appropriate sacrifice of information for gain in 
explanation of total variability of the past. 
Economic variables are frequently interdependent. The 
existence of a system of equations including both the equa­
tion upon which main interest centers (say the supply 
equation) and equations which generate its determining 
variables (say the price generating equations) may lead to 
a biased single equation estimate of the former relationship. 
Marschak and Andrews (66) and Hoch (50) show, however, that 
no such biases will occur if the price generating functions 
are separable from the supply function, i.e., if prices are 
in no way dependent on the disturbance term of the supply 
function. A time lag between the decision period and time 
of final output suggests that this may be an appropriate 
assumption for agriculture, though it may not be appropriate 
for certain sectors of the feeding industries where there 
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may be a mutual interdependence between current price and 
output variables. Supply in the latter situation should 
theoretically be estimated using simultaneous equation 
methods, though in practice much will depend upon the period 
over which prices and output are aggregated. This has 
important implications for what will be appropriate estima­
tion procedures for alternative formulations of the system 
of equations. 
Three such systems are briefly formulated and discussed 
here with respect to the prices (Px-^ and Pxg) and quantities 
D  
(Qx-j_ and Qx2) of 2 agricultural commodities. Let Qn^ be 
S 
the quantity of x^ demanded and the quantity supplied. 
In all models we assume interdependence between current 
prices. The first model is a simple formulation of the 
general Walrasian equilibrium where prices and quantities 
are mutually interdependent. The system can be formulated as 
D  r  
Demand for x^ f(Ox^, Px1# Pxg, a^) = CD1 
Demand for Xg f(Qxg, Px^, Pxg, ag) = £ 
Supply of x1 f(Q§1# Px1# PXg, bx) = c 
Supply of Xg f(Qx2, Px1# Pxg, bg) = CS2 
D S 
Equilibrium Qx, = Qx^ ; 1 = 1,2. 
constraint 
This is a purely static model, but it has a time honored 
position in economic theory. It was used in the earliest 
econometric studies by Moore (67,68) and Working (107), 
though these analysts used single equation least squares 
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techniques and thus ignored the essential simultaneity of 
the models. More recently statistical methods have been 
formulated which handle this simultaneity. These methods 
have been used in econometric analyses of the agricultural 
sector (notably by Hildreth and Jarrett (49), Nordin, Judge, 
and Wahby (74), and Wallace and Judge (101)) though in general 
they have yielded poor estimates. 
In this simple Walrasian formulation the variables are 
not dated. A model based on the cobweb theorem of Ezekiel 
(23) necessitates the dating of variables. In this model 
current demand is determined by all prices in the current 
period, while current supply is determined by all prices in 
the immediately preceding period. The system can be formu­
lated as 
constraint. 
The demand equations of this system contain explanatory 
variables which are currently endogenous to the system, and 
should thus be solved by simultaneous equations techniques. 
Supply equations contain no current endogenous variables and 
may thus be estimated independently of the system by the 
ordinary least squares technique. 
Demand for x 
Supply of x 
Supply of x. 
Equilibrium 
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A very similar model in terms of supply estimation is 
the recursive system which, has been advocated by Wold (105). 
In this model current supply is again determined by all 
prices in the immediately preceding period, and current 
demand is determined by all prices in the current period. 
Demand is not constrained to equal supply, however, and the 
current commodity price is determined by its price and 
excess demand in the preceding period. Such a system can 
be formulated as 
Demand for x^ S^lt £(pxlt' Px2t> al^ * € Dit 
Demand for xg 0=2t f(Pxlt# P*2t' * CD2t 
Supply of x^ At f(Pxlt-l» Px2t-1' bit) + € Sit 
Supply of Xg At f*Pxlt-l' Px2t-1' »2t> + C S2t 
Price of x^ p%it 53 f(pxlt-l* ^lt-l " Q^it-i) + fPlt 
Price of x2 Px2t 3 f(Px2t-l# ^X2t-1 " ^2t-l^ + ^ P2t* 
No simultaneous estimation of relationships is required, as 
no equation contains an explanatory variable which is 
currently endogenous. Simple least squares techniques are 
therefore appropriate for all equations. Supply equations 
formulated in this model are identical to those formulated 
in the cobweb model. Most econometric analyses of supply 
of individual agricultural products follow this formulation 
with varying degrees of success. 
Many modifications of these general models may be made, 
as for example the incorporation of assumptions regarding 
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the distribution of lags. Which model is most appropriate 
for estimation may not be clear from a priori knowledge, and 
will certainly vary between problems at hand. Bentzel and 
Hansen (8) suggest that in the most abstract sense all 
economic relationships are recursive in that all human 
reactions take time. The major justification for the use 
of interdependence models arises from the fact that available 
data may be aggregated over time periods which cover up the 
true lag periods. Considerable experimentation may therefore 
be necessary with respect to both economic and statistical 
specification. These considerations are also important in 
determining appropriate estimation procedures. 
Least squares regression techniques have provided the 
major tools for estimation. Assuming additive error terms 
which are homoscedastic (constant variance), not auto-
correlated (independent of error values of all past periods), 
not serially correlated (independent of explanatory varia­
bles), and normally distributed with expected value zero, 
least squares regression yields unbiased maximum likelihood 
estimates. I.e., estimates are unbiased, consistent, 
efficient, and sufficient if sufficient estimates exist. 
These assumptions regarding the distribution of errors may 
not be appropriate for the problems at hand, however. The 
effects of their relaxation are now briefly discussed. 
In a situation where the variance of error terms is 
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not constant but varies systematically, least squares 
estimates become inefficient though remain unbiased and 
consistent. This may be particularly important in time 
series analyses where errors move systematically with time. 
Prior knowledge of the variance of errors will enable 
efficient estimation, though this information is scarcely 
ever known when dealing with non-experimental estimation. 
Inefficiency introduced through heteroscedasticity may be 
largely overcome through certain practical techniques such 
as deflation or logarithmic transformations of variables. 
Parameter estimates are also statistically inefficient 
where errors are autocorrelated. This biases the estimate 
of error variance and hence invalidates t and P tests of 
parameter estimates. Autocorrelated errors are particularly 
likely where time series are short, necessitating that 
potentially important explanatory factors be deleted from 
the analysis. Several tests of significance are available 
for autocorrelation, notably those of von Neumann (100) and 
Durbin and Watson (22). The latter is designed particularly 
for testing autocorrelated residuals in least squares 
regression, though it gives only upper and lower bounds of 
significance levels. Aitken (1) gives a method by which 
efficient parameter estimates may be obtained In his method 
of generalized least squares, though this presupposes a 
prior knowledge of the variance-covariance matrix of errors. 
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A more practical approach is through the analysis of first 
differences of observations. This is discussed at greater 
length below. 
Serial correlation between errors and regressor varia­
bles in least squares regression introduces biases to 
parameter estimates. The nature of these least squares 
biases is discussed by Marschak and Andrews (66). Two 
sources of such biases are considered here:, the first arising 
from autoregressive equations and the second from equations 
which are part of a simultaneous system of economic relation­
ships . 
The statistical analysis of linear difference equations 
will almost always result in biased parameter estimates. 
This follows from the autoregressive schemes followed by 
equation errors in difference equations, resulting in 
correlations between the errors and the lagged values of the 
endogenous variable. Hurwicz (51) demonstrates the nature 
of these biases. They become smaller as sample size 
increases. Standard tests for autocorrelated errors are 
likely to break clown for linear difference equation estimates, 
however, due to the incorporation of the autoregressive error 
system into the estimates of the equation parameters. 
Methods for obtaining unbiased (or at least less biased) 
regression estimates for small samples are given by Cochrane 
and Orcutt (16), Klein (60), and Fuller (32). 
The second type of least squares bias results from the 
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inclusion of a current endogenous variable which is corre­
lated with the current error as a regressor. This again 
raises the problem of simultaneous equation estimation. 
Several simultaneous equation estimation methods are avail­
able. The full information maximum likelihood method is long 
and cumbersome, but it gives all the properties of maximum 
likelihood estimates. In the limited information method of 
Anderson and Rubin (3) and the 2-stage least squares methods 
of The11 (83) and Basmann (7) equations of the system can be 
estimated separately. The estimates are consistent but 
usually not efficient. Asymptotic properties of these 
estimating procedures are known, though their small sample 
properties remain for the most part unknown. Several 
Monte Carlo simulation studies have been made comparing 
their small sample properties with those of least squares. 
These have been analyzed by Christ (15) and Hildreth (48), 
and on the whole they indicate that with small samples, 
say less than 30, with the usual model inaccuracies of 
economic specification, there is little evidence to suggest 
that simultaneous equation techniques are superior to 
least squares. 
Anormality of the distribution of errors is perhaps 
the least important assumption. Least squares estimates 
remain unbiased and efficient as the normality assumption 
is relaxed, though the standard t and F distributions 
follow from the normality assumption. Yule and Kendall 
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(108), however, suggest that results apply for many error 
distributions which do not deviate too markedly from the 
normal. Varlate transformations may be used to reduce the 
error distribution to approximate normality. Tests have 
also been proposed which are independent of the error 
distribution. See, e.g. Daniels (20). 
Transformations may be used to deal with anormality, 
heteroscedacity, non-additivity, and autocorrelation, all 
of which may occur together. In most economic analyses 
equations fitted are linear in actual observations, logs, 
or first differences. Linear equations exhibit the greatest 
economy of parameters to be estimated. Logarithmic trans­
formations are most appropriate where errors are multiplica­
tive, increasingly heteroscedastic with output, and distrib­
uted log-normally. The coefficients of equations based on 
actual observations represent the marginal response of 
output with respect to the regressor variables. The coeffi­
cients of equations based on logarithmic transformations of 
variables represent the elasticities of response of output 
with respect to the regressor variables. In the former case 
marginal responses are constant over the entire range of 
the function, and in the latter case elasticities are 
constant over the entire range of the function. It is 
usual to express response estimates in tenns of elasticities, 
as in these terms they are independent of the units of 
measurement. When estimates are derived from actual 
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observations, elasticities vary over the entire range of the 
function, and elasticities are normally computed at the mean. 
Transformations expressing variables as a change from 
the preceding time period (first differences) are appropri­
ately used where major interest is focused on year-to-year 
change rather than deviations from a long-run trend. 
Analyses using first differences of logarithms amounts to 
transforming variables to the logarithm of current value as 
a percentage of value in the preceding period. First 
difference transformations are most frequently applied where 
analyses of actual observations or their logarithms result 
in serious autocorrelation of residuals. Such transforma­
tions will be most effective If errors follow a simple 
first-order autoregressive scheme with autoregression 
coefficient close to 1. If the initial autocorrelation is 
low, however, the use of first differences may increase the 
autocorrelation of residuals. Using first differences also 
decreases the efficiency of estimates. A measure of the 
efficiency foregone has been tabulated by Morse and 
Grubbs (70). 
First difference transformations are also useful in 
reducing serial correlation between undeflated regressor 
variables. This is an important problem where intercorrela­
tions are high and the time series are short, leading to 
estimates of parameters which are themselves highly 
correlated. Correlated regressors compete with each other 
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to account for a certain effect. First difference observa­
tions reduce the correlation between regressors by the 
elimination of a linear trend resulting in more stable 
parameter estimates. The constant term of first difference 
equations can be interpreted as the coefficient of time. 
A more thorough discussion of the use of first differences 
for the treatment of autocorrelation and removal of trend 
is given by Foote (28). 
Changes in output taking place through time which are 
not directly associated with economic regressor variables 
pose many Important decision problems in time series 
regression analysis. On the one hand these changes may be 
the result of omitted variables which themselves move with 
time. On the other hand they may be the result of changes 
in the parameters or the functional form of the equation. 
Learn and Cochrane (65) name these 'shifts in supply' and 
'structural change' respectively. Neither source of change 
has been adequately handled in regression analysis » The 
former is normally handled through a time trend variable 
or technology index, though technology itself presumably 
is a source of structural change. The use of a time variable 
in a linear regression using untransformed data is equivalent 
to assuming a linear trend or a 'horizontal shift' of the 
supply relation at a constant average absolute rate per 
year. The use of an unt rans formed time variable in a 
linear regression using logarithmic transformations of the 
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other variables, on the other hand, assumes an exponential 
trend or a 'horizontal shift1 of the supply relation at a 
constant average compound percentage rate per year. Esti­
mates of these rates of shift are given by the respective 
coefficients of the time variable. Structural change has 
been variously dealt with, by the incorporation of time 
trend into the parameters themselves, by a dummy variable 
having values of 1 or 0 corresponding to the operation or 
non-operation of an institutional device, or by selecting 
a relatively short time series during which structural change 
is considered to be insignificant. Interest usually centers 
on current parameter values and functional form, and this 
structure will be obscured to the extent that the time 
series is continued back through time to increase sample 
size, depending on the nature of the structural change 
through time. 
Statistical problems also arise in the consideration 
of the manner in which price and cost variables are expressed. 
It has already been suggested that high intercorrelation 
between undeflated price regressor variables may lead to 
unstable estimates. This problem might be overcome by the 
deflation of price series by a general price index, e.g., 
the index of prices received by farmers for agricultural 
supply analysis. If, however, the index used for deflation 
itself contains the price series which is to be deflated, 
the resulting regression coefficients will be biased downward. 
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The deflation technique also suppresses the effect of a 
separate response due to the deflation index, as may occur 
where there is a money illusion in production. In such a 
case the price index may appropriately be included as a 
separate regressor variable. 
In the case of supply analysis variables may be most 
appropriately expressed as ratios of cost or competitive 
product prices to the price of the product. This is so for 
3 reasons. First, it overcomes the problem of finding a 
suitable index with which to deflate prices. Second, it is 
a means of aggregation by which the number of parameters 
to be estimated is reduced. This may represent an important 
economy of degrees of freedom where a time series sample is 
small. Third, the optimizing theory of the competitive firm 
suggests that these ratios are the appropriate resource and 
enterprise allocators in production. This raises the 
aggregation problem. If farmer decisions are in fact made 
with respect to these ratios, all is well. If, however, 
there is a specific response to each individual price, the 
situation is more complex. Theil (84) gives a systematic 
account of the necessary and sufficient conditions for 
perfect aggregation so that no inconsistencies arise between 
micro- and macro-theory. In general, given linear micro-
equations, the components of macro-variables should be 
weighted in proportion to their micro-parameters. Thus 
the only situation which could lead to no aggregation bias 
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where we use the ratios of prices, each of which has a 
separate response effect, is a specification of micro-
equations having response coefficients of all numerator 
prices equal to the response coefficient of the denominator 
price, but with opposite signs. The recognition of the 
price ratio as the principal resource and enterprise allo­
cator suggests that this may be the appropriate variable for 
which elasticities are calculated rather than for individual 
prices. 
Finally we should declare criteria by which particular 
regressor variables should be included in or deleted from 
a given estimation equation and particular equation estimates 
included in or deleted from the publication of results. 
Clearly innumerable variables could be specified which 
theoretically influence supply response. The problem of 
time series supply analysis, however, is to explain output 
level with an acceptable degree of precision by a manageable 
set of predictor variables which are known prior to the 
prediction, or which can be predicted independently of the 
resulting output. How many variables to include is a 
question involving multiple choice. For small samples, 
the greater the number of relevent regressor variables, 
the smaller the variance of the errors of estimation, but 
the poorer the basis for inference about the effect of any 
particular variable. Two commonly accepted criteria are 
1) the deletion of all variables having coefficients which 
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are not significantly different from zero at the 95 per cent 
level, and 2) the deletion of any variable whose coefficient 
is smaller in absolute value than its standard error. The 
first criterion appears too stringent since serious biases 
of specification may follow from the deletion of variables. 
The second criterion is less stringent, but in general the 
inferences which can be made about the effect of a particular 
variable are less reliable. This criterion leads to an 
approximate maximization of the adjusted coefficient of 
multiple determination, R^. (This statistic is described 
by Ezekiel (24).) More precise methods are available for 
the selection of a battery of regressor variables which 
maximize e.g. the method of Wherry (102), but these 
require considerably greater computational resources. 
The discussion of this chapter indicates that infer­
ences drawn from statistical analyses for prediction must 
be guarded by qualifications and probability statements. 
In the absence of adequate data and large samples, knowledge 
of the structure and extent of response often emerges only 
after many studies have been made. Sterling (82) notes 
that the failure to publish non-significant results leads 
to a much greater probability of the rejection of a true 
null hypothesis than published results indicate. Relation­
ships may appear to be significant, yet this may happen 
purely by chance, and once published they are unlikely to 
be checked by independent analyses. This is particularly 
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a problem in time series analysis where series are short and 
there is no possibility of sample replication. Though it 
may appear cumbersome, if significance levels are to be 
taken at face value, analyses which fail to reject various 
null hypotheses should be considered equally with those that 
do reject the hypotheses. The best basis for rational 
decisions about the rejection or acceptance of hypotheses 
follows from the publication of all tests, together with 
their levels of significance. 
The Data 
In the following chapters production of livestock in 
5 sectors of the economy is related to price and other data. 
The analyses are for the most part made on the basis of 
annual data, though frequently price data for various groups 
of months are used, and also production figures for portions 
of a year or for non-calendar years. 
Data used are series as published or derived from 
publications of U.S. federal departments, the major portion 
coming from the Agricultural Marketing Service and its 
forerunner the Bureau of Agricultural Economics of the 
U.S. Department of Agriculture. The periodic and occasional 
publications of this department provide a wealth of national 
and regional output and price data for all areas of 
American agriculture. 
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Major milk series are published in TJSDA Stat. Bui. 
218 (1957), "Dairy Statistics" (91) and supplements of 
following years. Commercial slaughter by months of cattle 
and calves, hogs, and sheep and lambs, together with relevant 
price series for these livestock products, are given in 
TJSDA Stat. Bui. 230 (1958), "Livestock and Meat Statistics" 
(97) and supplements. Movements of feeder and stocker 
cattle and sheep and lambs are also given in this bulletin. 
Further information about the commercial slaughter of 
livestock by states and by months is given in USDA Stat. 
Bui. 231 (1958), "Commercial Livestock Slaughter" (89). 
Production and price series for the poultry analyses are 
given in TJSDA Stat. Bui. 249 (1959), "Egg and Poultry 
Statistics Through 1957" (92), and values for years later 
than 1957 are found in issues of the TJSDA fortnightly 
"The Poultry and Egg Situation" (98). The costs of poultry 
rations and broiler chicks, and the monthly placements of 
broiler chicks are also found in these sources. 
The series giving the average price per 1,000 pounds 
of TDN from feed grains fed to a particular class of 
livestock is a weighted average of feed grain prices given 
by 
I = 13^quantity of the 1th feed fed xprice of the 1th feed 
£2jQuantity of the ith feed fed x average TDN per 
1,000 pounds 
The quantities of each feed grain consumed by each class of 
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livestock are given by Jennings (53) in USDA Production 
Report 21 (1958), "Consumption of Feed Grain by Livestock". 
Prices of feed grains are given in TJSDA Stat. Bui. 159 
(1957), "Grain and Feed Statistics Through 1956" (95) and 
subsequent supplements. Average TDN per 1,000 pounds of 
feed grain are taken fï*om Morrison (69) and are 786 pounds 
for corn, 701 pounds for oats, 777 pounds for barley, 800 
pounds for wheat, 765 pounds for rye, and 799 pounds for 
grain sorghum. Hay prices to 1953 are given in TJSDA Stat. 
Bui. 229 (1958), "Hay by States, 1866-1953" (96), and for 
subsequent years in TJSDA Agricultural Statistics, 1960 
(1961) (87). 
The poultry-feed conversion ratios and egg production 
per layer are also given by Jennings (53). Many price 
figures for 1958 and 1959 have been taken from the TJSDA 
monthly "Agricultural Prices" (88). Average values for 
the farm wage rate in the mountain states are given by the 
TJSDA monthly "Farm Labor" (94). The implicit price deflator 
of GNP is found in the "Survey of Current Business" of the 
U.S. Department of Commerce (99). 
64 
CHAPTER IVî SUPPLY RELATIONSHIPS IN MILK PRODUCTION 
Dairy cattle are the greatest source of the nation's 
livestock income, To the end of the 1940's, the value of 
annual milk production exceeded that of any other livestock 
product. Since 1950 the value of cattle and calves annually 
slaughtered has periodically exceeded that of milk, but the 
former category includes the value of slaughtered culled 
milk cows and calves from milk herds. Dairy cattle have 
also historically been the nation's major feed consumers, 
though since 1950 beef cattle have been consuming more feed 
than dairy cattle, as was also the case in the decade 
beginning 1913. (See Jennings (53).) 
To 1943 there was a general upward trend in the number 
of dairy cattle on farms, though with this was associated a 
cyclical fluctuation. Since the mid-1940's dairy cow 
numbers have generally declined. Workers of the Agricultural 
Marketing Service of the U.S. Department of Agriculture (90) 
suggest that the cyclical fluctuations in dairy cow numbers 
are related indirectly to the beef cattle cycle, and that 
the major manifestation of the cyclical behavior of dairy 
cow numbers over the last 15 years has been in the rate of 
decline In the size of the national dairy herd. 
Although the number.of dairy cows has been declining 
since the mid-1940's, census data indicate that the number 
of farms keeping dairy cows has declined faster, and the 
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number of cows per farm has increased. Throughout this period 
production per cow has increased very rapidly, sufficiently, 
in fact, to enable total milk production to expand at an 
average rate of .9 per cent per year from 1944 to 1959. 
The analyses of the present chapter have been carried 
out in order to explain and predict the effects of relevant 
price structures on the production of milk at the farm 
level. They are directed primarily toward relationships 
involving price variables which may be manipulated for 
policy purposes or identifiable prior to the final outcome 
of production. The variables have been selected on the basis 
of price ratios and margins operating at the important 
decision phases of production in a given period. They are 
taken to represent expected profitability of milk with 
respect to competing products and factors of production. 
The analyses are based on data for the period 1955 to 1959. 
Prior analysis led to the deletion of observations before 
1955 due to the income effects of the depression years. 
The war years, on the other hand, were not deleted. No 
direct production controls on livestock were operative 
during those years, and production adjustments took place 
within the general price framework, apart from certain 
restrictions on factors of production. 
Variables used in the analyses of this section are; 
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X, Feed grain to milk price ratio, year t. Average 
seasonal price ($) per 1000 pounds of TDN from feed 
grains fed to dairy cattle/ average price ($) per 
100 pounds of milk delivered to plants and dealers. 
Xg Feed grain to milk price ratio, year t-1. Xg is 
X^ lagged 1 year. 
Xg Feed grain to milk price ratio, year t-2. X® is 
X-j_ lagged 2 years. 
X, Hay to milk price ratio, year t. Average seasonal 
price ($) per ton of hay received by farmers/ 
average price ($>) per 100 pounds of milk delivered 
to plant and dealers. 
X Hay to milk price ratio, year t-1. Xg is X 
5 lagged 1 year. 
Xg All feed to milk price ratio, year t-1. Average 
seasonal price ($>) per 1000 pounds of TDN from feed 
grains and hay fed to dairy cattle / average price 
($) per 100 pounds of milk delivered to plant 
and dealers. 
X„ All feed to milk price ratio, year t-2. Xg is X4 
lagged 1 year. 
Xg Cattle feeding margin to milk price ratio, year 
t-1. Average cost (#) per 100 pounds of choice 
slaughter steers, Chicago, less weighted average 
cost ($) per 100 pounds of stocker and feeder 
steers, Kansas City / average price ($) per 100 
pounds of milk delivered to plants and dealers. 
Xg Cattle feeding margin to milk price ratio, year 
t-2. Xg is Xg lagged 1 year. 
X^q Slaughter cattle to milk price ratio, year t-1. 
Average price ($) received per 100 pounds by 
farmers for slaughter cattle / average price ($) 
per 100 pounds of milk delivered to plants and 
dealers. 
X,, Slaughter cattle to milk price ratio, year t-2. 
X1]L is X1Q lagged 1 year. 
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Xig 5-year moving average hog to milk price ratio, year t-1. 
Average price ($) per 100 pounds of hogs received by 
farmers / average price ($) of milk per 100 pounds 
delivered to plants and dealers. Unweighted average 
of ratios. 
Xjg Time. 1935 =1, to 1959 = 25. 
X^£ Average number (thousands) of milk cows on farms 
(excluding heifers not freshened), year t. 
X15 Average milk production per cow (pounds), year t. 
X^g Total milk production (million pounds) on farms, year t. 
x^ = log Xj_. 
AXit = xit - xit-l ' 
Axit = xit " xit-l • 
Two sources of change in milk production are obviously 
number of cows milked and output per cow. Other factors are 
important in a consideration of market supplies, but this 
analysis is restricted to total farm output. Total milk 
output may be broken down into these sources, and separate 
predictors estimated for both. This has frequently been 
done in the past, to provide information by which an estimate 
for total milk production may be synthesized. As mentioned 
above (Chapter III) the number of cows milked may itself be 
an important determinant of production per cow, but the use 
of an estimate of the former source in estimating the latter 
source may result in a serious underestimation of year to 
year changes in both milk production per cow and total milk 
output. Average milk cow numbers, annual production per 
cow, and total U.S. milk production from 1935 to 1959 are 
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presented in Table 1. 
The effect of source on total output is estimated 
linearly in equation 1. First differences of logarithms 
data are used to obviate the high negative correlation 
between X14 and X-^g. 
Ax16 = -0.00001- 1.00216 Ax14 + 1.00233 Axlg ; R2= .999. (1) 
(0.024) (0.027) 
Standard errors of the coefficients are given in parentheses. 
The Ç values (standard partial regression coefficients) of 
A Xj4 and Ax^g in equation 1 are .94 and .81 respectively. 
These are the regression coefficients when the regressors 
are expressed in terms of their standard deviation, and they 
permit a comparison of the relative contribution of each 
source in determining variation in total milk production. 
The probability of these 2 /? estimates differing by as much 
as they do if their population values are identical is 
approximately .7. In the period 1935 to 1959, therefore, 
there is little to suggest that either source of variation 
has been more important in determining changes in total 
milk output at the national level. Variation in cow numbers 
does affect output per cow, however. 
The analysis of total milk production may then proceed 
directly or through its component sources. Components are 
first analyzed, and then total production - both directly 
and synthetically. Cow numbers on farms have been analyzed 
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Table 1. Average milk cow numbers, annual production per 
cow, and total TJ. S. milk production, 1935 to 1959 
Average number of Average annual Total milk 
Year milk cows on farms milk production production 
(excluding heifers per cow on farms, 
not freshened) U.S. 
(thousands) (pounds) (million 
pounds) 
1935 24,187 4,184 101,205 
1936 23,727 4,316 102,410 
1937 23,340 4,366 101,908 
1938 23,215 4,558 105,807 
1939 23,273 4,589 106,792 
1940 23,671 4,622 109,412 
1941 24,288 4,738 115,088 
1942 25,027 4,736 118,533 
1943 25,451 4,598 117,017 
1944 25,597 4,572 117,023 
1945 25,033 4,787 119,828 
1946 24,089 4,886 117,697 
1947 23,329 5,007 116,814 
1948 22,336 5,044 112,671 
1949 22,024 5,272 116,103 
1950 21,944 5,314 116,602 
1951 21,505 5,333 114,681 
1952 21,338 5,374 114,671 
1953 21,691 5,542 120,221 
1954 21,581 5,657 122,094 
1955 21,193 5,810 123,128 
1956 20,900 6,004 125 .474 
1957 20,443 6,160 125,939 
1958 19,773 6,316 124,883 
1959 19,322 6,438 124,396 
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on the assumption that this variable is determined by 
decisions made prior to the current year. Milk output per 
cow has been analyzed on the assumption that this variable 
may be determined by current events and prior decisions. 
Were cow numbers the only relevant current event, this source 
of variation could also be analyzed on the basis of prior 
decisions. It is also analyzed here on the assumption that 
current decisions may be important determinants. The 
analysis of total milk output incorporates all factors which 
are thought to be important causes of variation for both cow 
numbers and output per cow. 
Number of Milk Cows on Farms 
Adjustments to dairy cow numbers take place through 
changing rates of aquisition and disposal. The number of 
milking cows can be increased through breeding or transfering 
cows from beef herds. The number of milking cows can be 
decreased through an increased rate of culling from the 
dairy herd for slaughter or transference to beef herds. In 
the short-run, therefore, greatest competition to using 
cows for dairying comes from the value of beef animals. 
Several workers have demonstrated the importance of beef 
price change to milk production. HaIvorson (37) demonstrated 
a significant negative lagged beef price effect on milk 
production in the U.S. Winter (105) found a significant 
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negative lagged beef price effect on number of dairy cows 
in Iowa. 
The competitive effects of beef prices are accounted 
for by coefficients of variables Xg through X^. Returns to 
beef in variables Xg and Xg are measured by the margin 
between price per hundredweight received by farmers for 
choice cattle at Chicago and price per hundredweight paid 
by farmers for feeder and stocker cattle at Kansas City. 
Movements in this margin are taken to parallel the price 
competition from the feeding of purchased cattle. Dean and 
Heady (21) have found this margin useful in explaining the 
competitive effect of cattle feeding on hog production. 
The cattle feeding margin may also be a relevant factor in 
determining whether farmers in certain parts of the country 
will move out of dairying Into cattle feeding or out of 
cattle feeding into dairying, and also the profitability 
of culling cows from dairy herds. Returns to beef in 
variables X]_q and X^ are measured by the average price of 
slaughter cattle. This is taken to parallel both the 
disposal price for culled dairy cows and also the price 
competition which may be seen in the breeding and rearing 
of cattle. 
It is not clear which of cattle feeding margin or price 
of'slaughter cattle will lead to better estimates. Either 
or both may be significant, exerting all of their influence 
in either a single period or lagged over time. A priori 
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considerations might lead us to believe, however, that the 
variable X^ reflects the relative returns from culling 
older cows or holding them over for a further production 
period at the time when decisions were made which resulted 
in cows being freshened for the first time during the current 
year. Similarly the variable Xg may reflect the relative 
returns from fattening for slaughter of heifer calves of 
the marginal dairy cows freshened or bringing them into 
production for milk for the first time during the current 
year, at the time when the decision was made. It may also 
reflect the profitability of culling or retaining older 
cows in the herd. 
Hogs are also potential competitors with dairy cows 
for factors of production. There has been little evidence 
to indicate a competitive relationship between dairy cows 
and hogs, however, at least in the short-run. Barker (5) 
was able to find relatively strong short-run competitive 
relationships between milk and beef cattle in the Lake 
States, California, and the United States, but no such 
relationships were found between hogs and milk cows. A 
competitive relationship between hogs and milk cows may 
occur in the long-run. Buck, Hopkins, and Malone (13) 
found that in North Eastern Iowa changes in fixed investment 
came about only on the basis of structural price changes. 
The variable X^g reflects this secular change in returns 
from hogs and dairy cattle. The lagged 5-year moving 
average of the hog to milk price ratio broadly covers the 
average number of lactations per cow. A moving average of 
this length is also long enough to remove hog cycle effects 
which otherwise confuse the changes in price structure 
between the 2 enterprises. 
Price effects of factors of production are clear cut 
in the theory of the firm, but difficult to isolate empiri­
cally. A factor such as labor is difficult to price between 
alternative farm uses. Only the effects of price changes 
of feed grains and hay are considered here. The variables 
Xg and Xg, the grain to milk price ratios lagged 1 and 2 
years respectively, again reflect revenue - cost differ­
entials at the times of important management decisions. 
Many studies, e.g., that of Ha Ivor son (37), incorporate 
total feed grains or concentrates on farms as an important 
determinant of milk production. To the extent that only 
a portion of any feed grain crop enters the market, this 
may be a better explaining variable. Unless we have a 
concomitant demand relation between price and grain supplies, 
however, it is less easy to interpret the feed-livestock 
price policy implications of a predictor using feed grain 
supplies than one using feed grain prices. The 2 types of 
variables are closely related, of course, as has been shown 
by the feed grain price studies of Foote (29) and Shepherd 
and Richards (80). The numerator of the hay to milk price 
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ratio variable, Xg, is the seasonal average price of hay. 
Due to the relatively small market in roughage feed it 
probably only serves as an indicator of summer pasture 
growth in the previous year and the quantity of hay available 
for winter feeding. The utilizations of feed grains and 
roughages are not independent. Substitution and complemen­
tary effects of these feed components may obscure the feed 
price response. Variables Xg and X^ aggregate price move­
ments of both these components in relation to price of milk. 
Equations 2 through 37 of Tables 2 through 5 incorporate 
these variables, together with the trend variable, X^, in 
accounting for average milk cow numbers on farms, X^. 
Standard errors of the coefficients are given in parentheses. 
The analyses are made on original observations in equations 
2 through 11, logarithms (except for X^3) in equations 12 
through 25, first differences in equations 24 through 30, 
and first differences of logarithms (except for X^g) in 
equations 31 through 37. Summaries for the coefficient of 
multiple determination, R^, the Durbln-Watson autocorrelation 
statistic, d', and F value for the analysis of variance 
testing the contribution of the price-cost variables in the 
total battery of regressor variables for these equations are 
given in Table 6. The P values of Table 6 test the hypoth­
esis that price-cost variables acting together give no 
reduction in variance of the dependent variable with the 
linear trend influence removed. 
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Sable 2. Average number of milk eovs on farms (X14), 1935 to 1959$ shoving regresi 
errors In parenthesis. Data used are original values of observations. 
Iqeation 
aunber Constant %2 *3 =5 *6 =7 =8 










































9 23,119.64 292.53 
(260.44) 




11 21,715.44 465.24 
(342.98) 
i to 1959$ shoving regression coefficients with their standard 
«lues of observations» 










































































Table 3* Average somber of milk cove on farms (X^), 1935 to 1959* shoving regress! 
errors in parenthesis. Data used are logarithms of observations, except fo: 
Equation 
number Constant *2 *3 =5 *6 x7 =8 






































IS 4.3468 .0821 
(.056) 
19 4.1241 .0983 
(.064) 








22 4.0929 .1462 
(.089) 




>5 to 1959* showing regression coefficients with their standard 
is of observations, except for time (X,,). 
*6 x7 =8 *9 =10 *11 =12 *13 
-.0194 -.0430 .1068 -.0042 
(.033) (.033) (.113) (.0007) 
-.0915 .0933 .1687 -.0043 
(.086) (.077) (.139) (.0007) 
-.037* .0413 .0936 
f 1 
(.031) (.062) (.129) (.0007) 
;i6 .06l4 -.0291 -.0525 .0802 ~.OO4l 
>5) (.094) (.029) (.030) (.103) (.0006) 
*22 .0135 -.1059 .1172 .1490 -.0042 
?6) (.099) (.081) (.072) (.131) (.0007) 
L28 .0437 -.0462 .0612 .0329 -.0041 )3> (.098) (.028) (.059) (.118) (.0007) 
-.0605 -.0038 
(.027) (.0005) 
-.0958 .0949 .1632 -.0042 
(.082) (.074) (.129) (.0007) 
-.0338 -.0037 (.025) (.0006) 
740 -.0315 -.0496 -.0038 
88) (.027) (.029) (.0005) 
462 —.IO56 .U53 .1482 -.0041 
89) (.079) (.069) (.127) (.0007) 
203 -.0455 .0643 -.0040 
85) (.026) (.051) (.0007) 
Table 4. Average number of milk cows on farms ( AX^), 1935 to 1959: showing regression 
coefficients with their standard errors in parenthesis. Data used are first 
differences of observations. 
Eqe 











































































Table 5. Average number of milk cows on farms (^ ), 1935 to 1959s showing 
regression coefficients with their standard errors in parenthesis• 
Data used are first differences of logarithms of observations, 




^5 ^x5 ax6 ^x7 ^x9 AX10 Axll Ax12 
31 -.0032 -.0321 .0147 .0366 .0044 -.0036 .1494 
(.031) ( .025) ( .035) (.013) (.013) ( .087) 
32 -.0031 -.0301 .0062 .0338 W .0204 .0103 .1264 
(.032) ( .024) ( .035) ( .037) (.035) ( .097) 
33 -.0031 -.0303 .0112 .0374 .0064 .0111 * .1412 
(.032) ( .024) ( .034) (.014) (.036) ( .089) 
34 -.0030 .0165 — .0046 .0022 -.0041 .1426 
( .046) ( .044) (.013) (.013) ( .088) 
35 -.0030 .0281 .0096 .0294 .0255 .0989 
( .047) ( .046) ( .033) (.036) ( .096) 
36 -.0031 .0287 .0058 .0061 .0284 .1216 
( .048) ( .046) (.013) (.039) ( .092) 
37 -.0031 -.0291 .0426 • .1439 
(.027) ( .030) ( .078) 
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R2& a'b Fc 
2 .780 .71*d 1.59 N.S.d 
3 .746 .54* 1,00 N.S. 
4 .760 .76* 1.22 N.S. 
5 .799 .72* 2.57 N.S. 
6 .741 .43* 1.19 N.S. 
7 .773 .85* a 1.86 N.S. 
8 .774 .70** 3.88 
9 .719 .39** 1.50 N.S. 
10 .795 .83** 4.55* 
11 .723 .33** 1.72 N.S. 
12 .798 .90*0 1.74 N.S. 
13 .779 .70* 1.34 N.S. 
14 .783 .84* 1.42 N.S. 
15 .807 .78* 2.50 N.S. 
16 .776 .50* 1.65 N.S. 
17 .787 .71* 1.92 N.S. 
18 .778 .81** 4.96* 
19 .772 .73** 2.05 N.S. 
20 .746 .66** 3.02 N.S. 
21 .796 .84* 4.05* 
22 .775 .54** 2.17 N.S. 
23 .783 .72** 3.39* 
24 .292 .34** 1.17 N.S. 
25 .289 .42** 1.15 N.S. 
26 .283 .36** 1.12 N.S. 
27 .200 .46** .90 N.S. 
28 .230 .57** 1.08 N.S. 
29 .192 .51** .86 N.S. 
30 .262 .42** 2.36 N.S. 
31 .243 .34** .91 N.S. 
32 .247 .43** .93 N.S. 
33 .243 .37** .91 N.S. 
34 .173 .47** .75 N.S. 
35 .216 .60** .99 N.S. 
36 .192 :S= .86 N.S. 
37 .224 1.92 N.S. 
^Coefficient of multiple determination. 
^Durbin-Watson autocorrelation statistic. 
CF value for the contribution of the price-cost 
variables in the battery of all regressor variables. 
^N.S. » Not significant, P > .05. 
# = Significant at the 5 per cent level. 
** = Significant at the 1 per cent level. 
* = Inconclusive at the 5 per cent level. 
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The first 6 equations of each of Tables 2 through 5 
incorporate systematic combinations of the regressor varia­
bles. In the remaining equations of each table those 
variables whose coefficients are less than their standard 
errors are deleted. This has little effect in depressing 
o 
the R values, but it tends to make the effects of the remain­
ing variables stronger by increasing the values of coeffi­
cients (particularly where a lagged value of the same varia­
ble is deleted) or diminishing their standard errors. 
An examination of these equations indicates that move­
ments in milk cow numbers have not been adequately explained 
by the regressor variables. Regressor variables explain a 
much smaller part of the variance of milk cow numbers than 
can be considered satisfactory. The equations of Tables 4 
and 5, based on first differences of observations and their 
p 
logarithms, have extremely low R6, values and unsatisfactory 
Durbin-Watson d1 statistics. These, together with low F 
values for the batteries of price-cost variables indicates 
that time trend is responsible for most of the variability 
accounted for. Possibly the base of aggregation is too 
large. Other workers have also failed to obtain an adequate 
explanation of variability for milk cow numbers, both at 
national and regional levels. 
The basis for preference of a particular functional 
form is not clear cut. The lower R^ values of the first 
differences equations are to be expected due to the removal 
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of the systematic trend component from the regressand. The 
internal correlations "between regressor variables of the first 
differences equations, however, are in general of a lower 
order than the internal correlations between the regressor 
variables of equations using actual observations or their 
logarithms. This leads to more stable estimates of 
coefficients in the equations of Tables 4 and 5. The 
Durb i n-Wa t s on d' statistics are unsatisfactory for all 
equations, but more so for the equations estimated from 
first differences. The very much lower d* values for equa­
tions 24 through 37 indicate that the conversion to first 
differences makes the autocorrelation of errors greater. 
It is suggested by Poote (28) that since the d' values of 
equations 2 through 23 indicate that any autocorrelation 
present in these equations is positive, the lower d' values 
for equations 24 through 37 indicate that autocorrelation 
in the original analyses is not serious. It appears that 
equations 24 through 37 may allow more valid inferences 
about specific coefficients of regressor variables, while 
equations 2 through 23 may be better predictors of total 
output. Policy restraints may well diminish the effective­
ness in prediction of the latter set of equations, however. 
Time trend enters each equation as the chief source of 
change in total cow numbers. The constant terms of equations 
24 through 37 may be interpreted as time coefficients for 
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the equivalent non-first difference equations. The time 
variable, remains unconverted in the logarithmic 
equations 12 through 23, giving rise to exponential functions 
in time, the coefficients of X^g estimating the average 
annual percentage compound rate at which the supply response 
relation has moved. There has been a significant decline 
in milk cow numbers over the period. Coefficients of X^g 
in the logarithmic equations and the constant terms of the 
equations estimated from first differences of logarithms 
suggest that, after price effects have been considered, 
the average number of milk cows on farms has been declining 
at the compound rate of -.8 per cent per year. 
The trend variable does not account for cyclical effects, 
however. Ideally these should be explained by the price 
variables. The price-cost variables acting together fail 
to make a significant reduction in variance at the 10 per 
cent significance level in any equation. The grain to 
milk price ratio lagged 1 year, Xg, enters all equations 
consistently with a negative sign. In all the first differ­
ences equations its coefficient is greater than or roughly 
equal to the size of its standard error. Signs for the 
same variable lagged a further year, Xg, are inconsistent 
in equations 2 through 23, but enter consistently into 
equations 24 through 37 with negative signs and coefficients 
which are from a third to a half the values for the 
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corresponding coefficients of Xg. The hay to milk price 
ratio lagged 1 year, Xg, appears consistently with an unex­
pected sign and with a coefficient greater than its standard 
error. Brandow (10) and Halvorson (38) have also obtained 
unexpected signs for the hay variable when considering total 
milk production and production per cow, and have given 
various suggestions for these findings. In view of the 
dependence of both these factors on total numbers of milk 
cows, it seems as though the effect on cow numbers may be 
primary. This fact is not easily explained on a priori 
grounds, but may follow from larger cow numbers in the 
preceding year forcing up the price of hay, and the fact 
that cow numbers in the present year are more strongly 
influenced by numbers in the preceding year than by pasture 
conditions. Separate analyses of cows and heifers culled 
from dairy herds, reported in the following chapter, do 
suggest that there is a slight culling response to changes 
in the hay to milk price ratio, however. 
Further analyses of all regressions incorporating Xg 
and Xg and their transformations Indicated high and signifi­
cant correlations between their coefficients. Ideally the 
estimates should be independent for each variable in the 
equation. The variables Xg and X7, which include the price 
movement of both feed grains and hay, were constructed to 
obviate the problems raised by the significant and positive 
coefficients of X5 and its negative correlation with the 
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coefficients of Xg. The equations incorporating Xg and X^ 
in place of Xg, Xg, and X^, add nothing to our information 
on the effects of feed costs on cow numbers, however. 
The effect of beef prices on milk cow numbers is not 
clear. In equations 2 through 23 the beef to milk price 
ratios lagged 1 year, Xg and X^q, all have negative coeffi­
cients which are in general greater than their standard 
errors. This consistency is not reflected in the first 
differences equations in the case of Xg. Responses to the 
same variables lagged a further year, XQ and X^, are in 
general as large or larger than those of variables Xg and 
X^q, though in the case of X^ the effects are consistently 
positive. The coefficients of Xg are in particular consist­
ently more negative than those of Xg. These effects can be 
justified on a priori grounds. A high premium on fed cattle 
relative to milk may shift marginal calves and heifers from 
dairy herds into veal and beef production. Some impact of 
this shift will be seen in the milking numbers in the next 
year, but it will become most obvious in the year following. 
Similarly, a high disposal slaughter price for cattle 
relative to the price of milk may increase the rate of 
culling older milk cows, decreasing the number of cows in 
milk during the next year. A larger number of heifer 
calves may be kept to offset this culling rate. These enter 
milking herds in 2 years at a time when fewer cows are 
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culled due to the smaller numbers of older cows In herds. 
The coefficients of X^g are on the whole positive and 
small in relation to their standard errors in equations 2 
through 23, though they are all negative and in most cases 
considerably larger than their standard errors in first 
differences equations 24 through 37. These latter suggest 
a secular competitive price relationship between hogs and 
dairy production, though this is obscured in the non-first 
differences equations, possibly as a result of higher 
internal correlation between regressor variables. 
Summary 
The equations analyzed do not adequately explain 
variation in milk cow numbers from year to year. Time is 
the dominant variable. Small but consistent price responses 
have been observed, however. The elasticity (measured at 
the mean for non-logarithmic equations) of milk cow numbers 
with respect to the feed grain to milk price ratio in the 
short-run (Xg) falls within the range of -.03 to -.07, the 
smaller limit of this range being the more consistent 
estimate from the first differences equations. There is 
some evidence for a short-run competitive relationship 
between milk cow numbers and disposal for slaughter or 
beef herds. There is also evidence for a secular competitive 
relationship between hogs and milk cows, with a larger 
response elasticity of from -.10 to -.18. There is a 
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positive relationship "between milk cow numbers and the 
lagged hay to milk price ratio. This may partially reflect 
a lagged demand relationship for hay correlated to present 
milk cow numbers. 
Milk Production per Cow 
Changes in dairy cow productivity may come about through 
either a change in the potential ability of cows to produce 
or the management practices associated with cows of a given 
production potential. Variations from both sources follow 
from decisions made during prior periods. Only from manage­
ment practices can productivity variation in the current 
period follow from current decisions. In this section 
variations from both sources are analyzed. 
Changes in the ability of cows to produce follow from 
their age, genetic character, and physiological condition. 
These factors are all largely determined by culling and 
aquisition practices. The first cows to be culled from 
herds will be the poorest producers. Their removal will 
hence raise the average potential productivity, and greater 
feed availability may boost production per cow still higher. 
It is likely on a priori grounds, therefore, that there will 
be an inverse relationship between total milk cow numbers 
and milk production per cow. This has previously been 
empirically verified in the studies of HaIvorson (38) and 
Barker (5). Feeding practices are the most likely current 
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management decisions affecting current output which might 
be empirically demonstrable. These should change according 
to the feed-milk price structure. 
In the short-run, therefore, we might expect milk 
production per cow to vary with current milk cow numbers and 
the price of feed relative to the price of milk. This 
hypothesis is tested in equations 38 through 41 of Table 7, 
the cost-price variables for feed grains and hay relative 
to milk being and X4 respectively. Alternatively we 
may look for a longer-run explanation of productivity 
changes through the battery of regressor variables which 
account for variation in cow numbers. It is also likely 
that current management decisions will be determined largely 
by cost-price conditions prevailing in previous periods due 
to management adjustment lags. Equations 42 through 76 of 
Tables 8 through 11 express average milk production per cow 
(X^g) as functions of the same battery of regressors employed 
to account for variation in X^5 through both changes in cow 
numbers and management practices. 
In equations 38 through 41 there undoubtedly exists 
some degree of simultaneity between the variables X^, X^, 
and X. _. Such an interdependence was offered as a partial 
J.V 
explanation for the unexpected sign of the coefficient of 
lagged hay prices in explaining current cow numbers. In 
the period 1930 to 1959, however, dairy cattle, though the 
largest single consuming category of livestock, consumed 
Table 7. Average milk production per cow (X^g®), 1935 to 1959ï showing 
regression coefficients (with their standard errors in parenthesis), 
R&, df, and F values. 
Eq. 
no. Constant Xl& V X13a X14a R2
b a'c Fd 






.971 .78*® .83 N.S.® 






.980 1.14*® 2 .34 N.S. 




.283 1.67 N.S. 2 .63 N.S. 




.293 1.75 N.S. 3 .52 N.S. 
^Variables are variously transformed in equations 38 through 41. They are 
X^ In equation 38, in equation 39, AX^ in equation 40, and Axj in equation 41. 
^Coefficient of multiple determination. 
cDurbin-Watson autocorrelation statistic. 
dF value for the contribution of the price-cost variables in the battery 
of all regressor variables. 
eN.S. = Not significant, P -> .05. 
* = Significant at the 5 per cent level. 
• = Inconclusive. 
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less than 30 per cent of all feed. We may therefore expect 
the aggregate influence of on and X^ to be weak, and 
in equations 38 through 41 the variables X-j_, and X^ are 
considered to be strictly exogenous. 
A summary of the statistical tests for equations 38 
through 41 is also given in Table 7. Again a highly signif­
icant time trend accounts for most of the change in produc­
tivity. Equations 38 and 39 indicate a significant negative 
influence of total cow numbers, though the negative correla­
tion of X^g and X-^ is so high that the individual coeffi­
cients of these variables become extremely unstable. The 
first differences analyses of equations 40 and 41 obviate 
this problem by removing time as a direct regressor variable. 
The constant term of these equations may be interpreted as 
the time coefficient for the equivalent non-first differences 
equations. The effect of each source of change is hence 
isolated in equations 40 and 41. The significant growth in 
output per cow thus follows from a general productivity 
increase over all herds together with a boosting effect on 
the average as low producing marginal cows and herds have 
been taken out of production. The elasticity of the latter 
effect is quite high at from .3 to .4. Therefore, in spite 
o 
of lower R values, equations 40 and 41 provide a better 
basis for an appraisal of non-price-cost factors. The 
respective d' statistics are also more satisfactory. 
90 
The effects of current prices on management decisions 
are not clearly demonstrated in equations 38 through 41. 
In the non-first differences equations 38 and 39 the coeffi­
cients of variables and X^ are each smaller than their 
standard error, while in the first differences analyses of 
equations 40 and 41 the coefficients are all greater than 
their standard error, but those of X^ are unexpectedly 
positive. There is a relatively large covariation between 
the coefficients of X^ and X^ in all equations, however. 
In equations 42 through 76 of Tables 8 through 11 the 
same batteries of regressor variables as were used in 
equations 2 through 37 are used to account for changes in 
milk production per cow. Again the first 6 equations of 
each table incorporate systematic combinations of variables, 
while in the remaining equations those variables whose 
coefficients are less than their standard errors are deleted. 
A summary of the statistics-of these equations is given in 
Table 12. 
These regressors explain a much greater proportion of 
the variation in milk output per cow than they do for milk 
cow numbers. The R^ values for equations 42 through 59 are 
very high and their d' values are for the most part incon­
clusive. The significant F values for these equations and 
o 
the fairly adequate R values for the first differences 
equations 60 through 62 and 69 through 71 also indicate a 
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Table 8, Average milk protection per cow (Xje)» 1935 *° 1959! showing regression co 
standard errors in parenthesis. Data used, are original valuea of observât! 
Equation 
number Constant *2 =3 *5 % *T *8 *9 
























































cow (X^ç), 1935 to 1959! shoving regression coefficients with their 















































































Table 9« Average milk production per COY (%%=), 1935 to 1959* showing regression coefficients 
with their standard errors in parenthesis. Data used are logarithms of observations, 
except for time (X,i). 
no. Constant %g 
*3 *5 *6 *7 =8 *9 =10 *11 *12 =13 












































































































Table 10® Average milk production per cow ( , 1935 to 1959« showing regression coefficients 
with their standard errors in parenthesis. Data used are first differences of 
observations. 
Zq* 
no. Constant a%2 ^=3 ^%8 <**9 ^*10 
<! 
aX12 












































64 93.29 -64.30 
(32.84) a -15.35 (34.46) -45.33 (38.35) -13.39 (20.78) 























Table 11. Average milk production per cow (4Xlg), 1955 to 1959: showing regression 
coefficients with their standard errors in parenthesis. Data used are 
first differences of logarithms of observations, except for time (X^). 
Eq. 
no. Constant aX3 <*x5 aX6 4*8 ^X9 ^X10 *xll 4X12 























































































Table 12. Summary of statistical tests for equations 
42 through 76 
Equation «a ,b 
number R2 a1 P° 
42 .972 .98*4 3.11*d 
43 .975 .88* 3.92* 
44 .976 1.01* 4.04* ^ 
45 .978 1.10$ 5.86**a 
46 .981 .91$ 7.81** 
47 .984 1.17* 9.75** 
48 .970 .93* 6.40** 
49 .974 .65*# 7.81** 
50 .977 1.28* 7.33** 
51 .982 1.16* 3.78* 
52 .981 1.93* 3.64* 
53 .982 1.20* 3.95* 
54 .984 1.42* 5.97** 
55 .984 1.11* 5.87** 
56 .986 1.33* 7.27** 
57 .982 1.24* 6.52** 
58 .981 .90* 5.93** 
59 .983 1.60* 7.46** 
60 .370 .92* 1.66 N.S.d 
61 .392 1.03* 1.83 N.S. 
62 .398 1.05* 1.88 N.S. 
63 .228 1.24* 1.06 N.S. 
64 .259 1.51* 1.26 N.S. 
65 .279 1.42* 1.39 N.S. 
66 .361 1.14* 3.76* 
67 .220 1.24* 2.96 N.S. 
68 .211 1.62 N.S. 2.81 N.S. 
69 .444 1.22* 2.27 N.S. 
70 .427 .87* 2.11 N.S. 
71 .413 1.28* 1.99 N.S. 
72 .258 1.47* 1.25 N.S. 
73 .239 1.67* 1.13 N.S. 
74 .260 1.53* 1.27 N.S. 
75 .438 1.27* 5.20** 
76 .235 1.47* 2.05 N.S. 
Coefficient of multiple determination. 
^Durb in-Wat s on autocorrelation statistic. 
CP value for the contribution of the price-cost 
variables in the battery of all regressor variables. 
dN.S. = Rot significant, P >.05. 
* = Significant at the 5 per cent level. 
** = Significant at the 1 per cent level, 
ifr « Inconclusive at the 5 per cent level. 
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more definite response to the cost-price variables than is 
the case for milk cow numbers. Again, as in equations 38 
through 41, the positive time trend is the most significant 
variable, and logarithmic equations Indicate that there has 
been an annual compound rate of expansion of 1.7 per cent 
after price movements have been taken into account. 
There appears to have been a strong adjustment to the 
feed grain to milk price ratio over the period. The varia­
bles Xg and Xg enter consistently into equations 42 through 
59 with negative coefficients which are greater than their 
standard errors, the effect of the latter variable being 
from 1 third to 2 thirds that of the former variable. The 
variable Xg enters strongly into first differences equations 
60 through 76, though the effect of Xg is weak and not 
consistent. The influence of lagged hay price is not clear. 
It enters consistently into equations 42 through 59 with 
negative coefficients which are in all cases lower than 
their standard errors. In first differences equations 60 
through 76 the coefficients are positive and in general 
slightly larger than their standard errors. There is thus 
little evidence for a significant hay price effect. The 
hay and feed grain prices are aggregated in equations 
incorporating variables Xg and X^. Much the same inferences 
about the effects of these variables can be drawn as about 
the effects of variables Xg and Xg. The basis for aggrega­
tion of hay prices is probably too large, and its influence 
97 
in variables Xg and X^ is mainly that of increasing the 
variability of the coefficient estimates. 
Variables Xg through X^ represent changes in the beef-
milk price structure. It is not easy to predict what the 
effects on milk cow productivity of changes in these varia­
bles should be. We might expect that the effect of a rise 
in the cattle feeding margin to milk price ratio would be to 
lower milk cow productivity by diverting feed supplies from 
milk cows to beef cattle. Similarly, we might expect the 
effect of a rise in the slaughter cattle to milk price ratio 
to increase the milk cow productivity by making more profit­
able the removal of poorer quality cattle from herds. But 
from analysis of equations 42 through 76 it appears that 
these effects are reversed. Furthermore, the variables 
lagged 2 years exert a stronger influence on milk cow 
productivity than the same variables lagged 1 year. This, 
however, is in keeping with earlier conclusions about the 
effects of variables Xg through X-q on milk cow numbers. 
If marginal calves are diverted from dairy herds into veal 
production due to a favorable shift in the profitability of 
feeding, the remaining calves will be of higher average 
quality than those eliminated. Yet it will be 2 years 
before this manifests itself in the herd. When a larger 
number of milking cows is culled due to a favorable disposal 
slaughter price and a larger number of heifer calves is kept, 
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in 2 years when the calves are incorporated into the milking 
herd they increase the proportion of first-calf heifers in 
the herd with a consequent lowering of the output per milking 
cow. To determine whether or not these hypotheses are valid 
requires further analysis at the aggregate and regional 
levels. 
The coefficients of the lagged 5-year moving average 
hog to milk price ratio, X^g, are consistently negative in 
equations 42 through 68 and in general so in equations 69 
through 76. This effect is again surprising, since if the 
effect of X-^g were principally on cow numbers the evidence 
drawn from equations 2 through 37 would suggest that these 
coefficients should he consistently positive. Long-run 
competition between hogs and milk cows may therefore be not 
only manifested in numbers of each class of livestock on 
farms but also in the quality of management. This leads to 
the suggestion that diminishing numbers of milking cows may 
have 2 distinct effects on productivity, the one to increase 
it through improved genetic material and feed availability 
and the other to decrease it through poorer management 
associated with smaller herds and the lower relative 
profitability of feeding milk cows as the relative price 
of milk declines. It is also important to bear in mind 
the effect of changing cow numbers on the average age 
structure of herds. 
Again there is little basis for considering that any 
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particular functional form ia superior. The logarithmic 
2 t 
equations in general have higher R , d , and F values than 
the equivalent non-logarithmic equations, though the differ­
ences are not marked. Coefficients of equations using first 
differences are in general more stable than their counter­
parts . 
Summary 
The equations provide a fairly adequate aggregate 
account of factors associated with changing milk cow produc­
tivity. There has been a marked increase in the milk output 
per cow during the period which has been the result of 
general improvement of genetic material in herds (and 
possibly management practices) augmented by a general decline 
in milk cow numbers. The effect of declining milk cow num­
bers may be 2-fold, however. Where poorer quality cows are 
the first removed it may increase productivity. Where poorer 
management is associated with smaller herds it may decrease 
productivity. Higher culling rates may also decrease 
productivity in the short-run by increasing the proportion 
of first-calf heifers in herds while in the long-run herd 
productivity is increased. Price effects appear to act 
directly through management practices and indirectly through 
milk cow numbers. Evidence for the effect of current feed 
prices is confusing, though a consistent response has been 
noted to lagged prices. The elasticity of milk production 
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per cow with respect to the feed grain to milk price ratio 
in the short-run (Xg) falls within the range of -.06 to 
-.09, with possibly a smaller response to the same variable 
lagged a further year. The effects of relative beef prices 
are greatest after a 2 year lag. They appear to be important 
in determining culling policy, and thus may have important 
bearing on the age structure of milking herds. There has 
also been a marked negative response to secular changes in 
the hog to milk price ratio indicating that declining milk 
cow numbers on small mixed farms may be associated with 
declining productivity. As in the analysis of milk cow 
numbers, the effect of changes in hay price is somewhat 
confusing, possibly due to the extent of aggregation. 
Total Milk Production 
With analyses of milk cow numbers and output per cow 
completed we are in a better position to account for varia­
tion in total milk production and to explain the observed 
effects associated with a particular variable. It can be 
shown that theoretically the elasticity of total production 
with respect to price is the sum of the elasticities of 
milk cow numbers and output per cow, both with respect to 
price, plus the elasticity of milk cow numbers with respect 
to price times the elasticity of output per cow with 
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respect to milk cow numbers.* Hence our knowledge of com­
ponent sources should provide a useful check on our direct 
analysis of total milk production. 
Several authors have approached the study of milk supply 
directly. Halvorson (37), Cromarty (19), and Barker (5) 
have all made direct studies estimating the price elasticity 
of milk supply for the U.S. in the short-run to be within 
the range of .12 to .38. 
Equations 77 through 111 of Tables 13 through 16 
estimate total milk production as functions of the same 
regressor variables which were used for equations 2 through 
37 and 42 through 76. If these variables have successfully 
accounted for variations in both components of total milk 
*Let Q, = total production, N = number of animal units, 
R = output per animal unit, P = price, Eq, E^, and E^ be the 
respective elasticities of Q, N, and R with respect to P, 
and be the elasticity of R with respect to N. Then 
Q = N.R ; R = f(N,P) ; N = f(P); 
3 2R x ÎR dl 
dP 3P 3N ' dP ' 
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production, they should also successfully account for varia­
tions in total milk production itself, though it is con­
ceivable that variables which appear significant in account­
ing for either or both components may fail to appear signifi­
cant in accounting for total milk production due to either 
compensating effects or added variance from the other 
component. A summary for the statistical tests for these 
equations is given in Table 17. 
Equations 77 through 111 provide relatively good 
predictors for changes in total milk production during the 
period. The values for equations 77 through 94 lie 
between those of equations 2 through 23 and 42 through 59, 
p 
though the R values for first differences equations 95 
through 97 and 104 through 106 are quite large. The F values 
for the contribution of the price-cost variables in the 
batteries of all regressor variables are also significant 
for the first differences equations whereas they fail to 
be so for equations estimated from non-first differences 
data. This indicates that price effects which were isolated 
in the estimates of components of total milk production 
augment each other in first differences equations, whereas 
in the non-first differences equations they either compensate 
for each other or lose a part of their variance reducing 
power to the time variable. The latter explanation does 
seem likely. 
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fable 13* Total milk production on farms (X^g), 1935 to 1959: showing regress: 
parenthesis s Data used are original values of observations. 
Equation 
number Constant Xg Xj 2^ Xg X^ 
77 120,972.99 -l,540.86 -136.31 2,057.71 
(653-04) (589-%) (1.276.37) 
78 110,241.60 -1,524.73 -370.92 1,994.39 
(614.83) (454.72) (1,146.65) 
79 115,1491.89 -1,679.66 4.90 2,575.62 
(641.36) (563.77) (1,166.67) 
80 116,583.89 -13.88 -8.96 
(1,377-04) (1,397-24) 
81 109,710.44 -276.07 -890.78 
(1,274.54) (1,305.67) 
82 114,291.32 573-80 -378.63 
(1,326.78) (1,433.52) 
83 107,316.69 -1,639.31 2,637.95 
(599.36) (1.056.59) 
84 110,862.52 -1,693.74 2,397.31 
(590.40) (1,059.07) 
85 110,380.49 






















































Table l4e Total milk production on farms (x^ç), 1935 to 1959 î shoving regression coefficients 
with their standard errors in parenthesis. Data used are logarithms of observations, 
except for time (XiO. 
Bq« 
no. Constant =2 x3 *5 *6 =7 H *9 =10 =11 *12 *13 
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Table 15# Total milk production on far»» (AX^g), 1935 to 1959% showing regress! 
errors in parenthesis. Data used are first differences of observations 
Equation 
nuaber Constant a%2 
^*5 ^*6 A Xj ^%8 




























99 1,228.34 -701.50 (871.23) 
328.30 
(839.26) 

















1935 to 1959% showing regression coefficient» with their standard 
'irst differences of observations. 


















































Table 16. Total milk production on farms ( Ax^g), 1935 to 1959: showing regression 
coefficients with their standard errors in parenthesis. Data used are 
first differences of logarithms of observations, except for time (X^g). 
Eq. 
no. Constant zax2 *xs ^x5 *=6 aXrp *X8 4X9 *x10 AX11 ^x12 
104 .0044 -.0970 .0092 .0736 .0060 .0088 -.1524 
(.025) ( .020) (.028) (.011) (.010) (.070) 
105 .0044 -.0933 .0080 .0567 .0406 -.0040 -.1199 
(.025) ( .019) (.027) ( .029) (.028) (.076) 
106 .0045 -.0983 .0147 .0685 .0032 -.0108 -.1628 
(.026) ( .020) (.028) (.011) (.030) (.073) 
107 .0046 .0468 .0014 .0169 .0028 -.1345 
( .048) ( .046) (.013) (.013) (.091) 
108 .0047 «B .0431 .0132 .0504 -.0049 -.1002 
( .049 ) ( .048) ( .035) (.038) (.100) 
109 .0046 — .0451 .0072 .0169 .0063 -.1286 
( .050) ( .048) (.013) (.040) (.096) 
110 .0045 -.0888 .0561 — .0432 -.1090 
(.021) (.025) ( .026) (.067) 
111 .0049 .0131 -.1265 
(.012) (.085) 
107 
Table 17. Summary of statistical tests for equations 
77 through 111 
Equation oB ,b c 
number Tr a F 
77 .864 .67*d 1.90 N.S.d 
78 .874 .64* 2.25 N.S. 
79 .861 .78* 1.79 N.S. 
80 .816 .79* .83 N.S. 
81 .825 .70* 1.05 N.S. 
82 .804 .94* 
.74**d 
.55 N.S. 
83 .854 3.71* 
84 .858 .45** 3.86* 
85 .810 .77* 2.02 N.S. 
86 .851 .76* 1.59 N.S. 
87 .857 .71* 1.81 N.S. 
88 .848 .77* 1.53 N.S. 
89 .798 =76* ,58 N.S. 
90 .809 .74* .83 N.S. 
91 .788 .81* .38 N.S. 
92 .840 .50** 3.09 N.S. 
93 .847 .74** 3.54* 
94 .806 .60** 1.37 N.S. 
95 .619 .78* 4.61* 
96 .672 .82* 5.79** 
97 .624 .64** 4.69* 
98 .260 1.21* 1.27 N.S. 
99 .358 1.51* 1.84 N.S. 
100 .262 1.21* 1.28 N.S. 
101 .660 .94* 9.23** 
102 .604 .72** 7.26** 
103 .209 1.49* 2.78 N.S. 
104 .568 .73* 3.72* 
105 .598 .80* 4.21* 
106 .553 .74* 3.50* 
107 .234 1.25* 1.10 N.S. 
108 .251 1.52* 1.20 N.S. 
109 .233 1.24* 1.09 N.S. 
110 .593 .79** 6.93** 
111 .168 1.47* 2.13 N.S. 
^Coefficient of multiple determination. 
^Durbin-Watson autocorrelation statistic» 
®P value for the contribution of the price-cost 
variables in the battery of all regressor variables. 
dN. S. = Not significant, P>.05. 
* = Significant at the 5 per cent level. 
** = Significant at the 1 per cent level. 
* = Inconclusive at the 5 per cent level. 
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During the period there has "been a highly significant 
time trend which appears to have accounted for most of the 
change in total production. Increasing productivity per cow 
has more than offset declining milk cow numbers, and total 
milk production, after price effects have been accounted for, 
has expanded at an average estimated annual compound rate 
of .9 per cent. If, however, the presence of the time 
variable takes away some of the explanation of increasing 
milk production which should in fact be associated with 
increasing production per cow, it will depress the observed 
price effects. This appears to have been the case, judging 
from the disparity of F values between the first differences 
equations and non-first differences equations, since the 
trend effect has been removed in the latter formulation. 
There is also a far greater stability and independence of 
coefficients in equations 95 through 111 than in equations 
77 through 94. Hence most inferences drawn in the following 
discussion will be from the first differences equations of 
Tables 14 and 15 rather than the non-first differences 
equations of Tables 12 and 13. The autoregression statistics 
are generally just significant at the 5 per cent level or 
in the inconclusive range. This is less than satisfactory, 
indicating that estimates may be less than statistically 
efficient, but there is little difference between the 
various functional forms. 
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There Is a highly significant negative effect associated 
with the feed grain to milk price ratio lagged 1 year, Xg. 
There is also a consistently negative coefficient associated 
with the same variable lagged a further year, Xg, but unlike 
the coefficient of Xg it is in general less than its standard 
error. Estimates from equations 95 through 111 indicate a 
short-run elasticity of total milk production with respect 
to the feed grain to milk price ratio of from -.09 to -.10. 
This concurs with the lower limit of the range of the 
synthetic estimates from the equations for cow numbers and 
output per cow which is -.10 to -.12. The feed grain to 
milk price ratio lagged 2 years adds little to this response 
effect. As was the case for estimates of numbers of milk 
cows on farms, the hay to milk price ratio lagged 1 year, 
Xg, has coefficients which are consistently positive and 
greater than their standard errors. The aggregation of feed 
grains and hay prices in the all feed to milk price ratios 
p 
Xg and Xy greatly reduces the R values and the strength of 
the inferences which can be drawn from the feed-milk price 
variables. 
Changes in the beef-milk price structure, variables Xg 
through X^, also reflect what has been suggested from the 
analyses of the components of total milk production. The 
effect of changes in the cattle feeding margin to milk price 
ratio lagged 1 year, Xg, is negative and small on cow 
numbers, and inconsistent and small on milk production 
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per cow. In the non-first differences analyses of equations 
77 through 94 the effects of variables Xg and Xg on changing 
cow number tends to predominate over the effects on output 
per cow. Coefficients of Xg and Xg are both consistently 
negative. The effects of Xg and XQ on changing cow numbers 
are somewhat less marked in the first differences equations 
95 through 111, and cancel out the effect of the same varia­
bles acting on milk output per cow in the analyses of total 
milk production. Both variables have coefficients which are 
consistently positive, but they are small in relation to 
their standard errors. The effect of changes in the 
slaughter cattle to milk price ratio lagged 1 year, X^Q, is 
negative on both cow numbers and milk production per cow. 
The effect of changes in the same variable lagged a further 
year, X^, is on the whole positive on cow numbers and 
negative (and larger than that for X-^q) on milk production 
per cow. In equations 77 through 94 the effects of cow 
numbers again predominate. The coefficients of X^Q are 
strongly negative, while those of X-^ are Inconsistent, with 
a tendency to be positive. The changing cow number effect 
of variables X^q and X^ is again somewhat reduced in equa­
tions 95 through 111. The coefficients of X-^Q are again 
negative, though less markedly so, while the coefficients 
of X^i are small and inconsistent. 
As noted above, the removal of trend prevents confusion 
about the relative contribution of cow numbers and 
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productivity per cow to total milk output. Coefficients 
from the first differences equations are therefore considered 
to he the more valid. The cattle feeding margin to milk 
price ratio is hence not a very useful variable in explaining 
changes in total milk production in the short-run while the 
slaughter cattle to milk price ratio is. The short-run 
elasticity of total milk production with respect to the 
latter variable is from -.04 to -.05, which again corresponds 
to the range set by the synthetic estimates. 
It was previously shown that the 5-year moving average 
hog to milk price ratio, X^g, has marked negative coeffi­
cients in equations estimating both milk cow numbers and 
output per cow. Furthermore, changes in cow numbers associ­
ated with this variable may be positively correlated with 
productivity per cow rather than negatively correlated as is 
the more usual situation. We hence expect to find that 
these effects reinforce each other in equations estimating 
total milk production. This is indeed the case. The 
coefficients of X^g are negative and in general twice as 
large as their standard errors. The long-run elasticity of 
supply of total milk production with respect to X^g appears 
to be from -.10 to -.15, which is a little below the range 
set by the synthetic estimates which is from -.13 to -.18. 
Summary 
The changes in total milk production are well accounted 
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for by variables which account for changes in the number of 
milk cows and milk output per cow. Chief among these is the 
time variable, X-^g. There is a marked short-run response 
to changes in the feed-milk price structure. Estimates of-
the short-run elasticity of supply with respect to Xg range 
from -.09 to -.10, and there is some evidence for a much 
smaller negative response to Xg. As in the analysis of 
milk cow numbers, a somewhat unexpected positive coefficient 
is associated with the hay to milk price ratio lagged 1 
year, X,.. Aggregating these variables to a single all 
feed to milk price ratio confuses rather than clarifies the 
picture. When the beef-milk price structure is represented 
by the cattle feeding margin to milk price ratios, X^ and 
Xg, separate effects on the components of total milk produc­
tion tend to cancel out, leaving these variables poor 
predictors of total milk production. This is also true when 
the beef-milk price structure is represented by the slaughter 
cattle to milk price ratio for this variable lagged 2 years, 
Xn, but the effects reinforce each other when this variable 
is lagged 1 year, X-^Q. The short-run elasticity of supply 
with respect to X^q is from -.04 to -.05. Changes in the 
5-year moving average hog to milk price ratio, X^g, have 
effects on cow numbers and output per cow which reinforce 
each other. Estimates of the long-run elasticity of supply 
with respect to X-^g range from -.10 to -.15. 
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Effects of Price Variables over Time 
When a farmer acquires a milking cow he is making an 
investment in a capital item which he may expect to earn 
income for him over a period of many years. Decisions to 
acquire or dispose of milking stock therefore have income 
implications which go well beyond the time period during 
which acquisition or disposal takes place. The building up, 
maintenance, or disposition of a milking herd are themselves 
programs which normally operate over a number of years on 
the basis of decisions made at many different times. Like­
wise herd management practices related to the size, average 
age, and genetic quality of the herd, also follow from 
decisions made over a number of years. Thus if decision 
criteria follow from realized prices, current milk produc­
tion will be the outcome of realized prices over a number 
of prior years. This has been the assumption upon which 
the analyses of the previous sections of this chapter have 
been made. 
The analyses made thus far have included each lagged 
variable on the basis of a specific hypothesized effect on 
current milk production. These variables may operate on 
output for reasons other than those hypothesized, however. 
Price variables for years other than the ones thus far 
considered may also affect current production. The purpose 
of this section is to investigate time periods over which 
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price changes take their full effects, and the nature of 
these effects. Short-run responses to price changes are 
important for immediate market outlook predictions, but the 
long-run responses may be of more interest to the analyst 
concerned with problems of the structure of agricultural 
production. Analyses of this section are designed to 
supplement the analyses of the previous sections. 
In the analyses made to date no prior assumptions were 
made with respect to the nature of the price lag distribu­
tions. In view of the number of commodity prices which 
appear to be important in explaining milk supply, the 
analysis of distribution of lags can only be kept manage­
able by specifying a lag distribution a priori and its 
estimated characteristics evaluated in the light of 
statistical and theoretical criteria. Ladd (63) warns 
against the single use of either the price expectation or 
technological or institutional rigidity models of the 
Nerlove types to explain the supply of livestock products. 
Current and equilibrium outputs follow from price expecta­
tions during several time periods. Inferences made about 
the nature of price responses from naive behavioral models 
are therefore likely to be invalid, even though the intro­
duction of lagged values of the endogenous variable may 
cause such models to be good predictors. 
Although a lag distribution model which follows from 
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a behavioral model may be inappropriate for livestock supply 
analysis, a knowledge of the specific types of production 
decisions made gives some indication of the types of lag 
distributions which may apply for the various price varia­
bles . Thus the effective period over which the lag is 
distributed is likely to be shortest for price variables 
affecting current supply from variation in feeding decisions, 
longer for price variables affecting breeding decisions, and 
longest for variables affecting the size and nature of the 
fixed plant on farms. Furthermore, the usual assumptions 
that supply response to price increases at a decreasing 
rate as the length of the period increases seems to be 
appropriate for price variables leading to feeding, breeding, 
and fixed plant decisions. The whole problem of supply 
analysis is greatly complicated in the livestock industries 
in which inventory adjustments provide the major source of 
income. Prices lagged over time are undoubtedly important 
in determining plant and number of breeding stock, but 
annual supplies are largely determined in terms of "playing 
the market". Dairy cattle are kept for their flow services 
in production, however, and market inventory adjustments 
are relatively minor. An analysis of the time implications 
of price changes is therefore more straightforward for milk 
production than for the beef and sheep industries. 
Lag profiles which allow the supply responses for 
relevant price variables to increase over time but at a 
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decreasing rate are therefore specified. The Koyck and 
generalized Working models both satisfy this condition. 
The former model requires the introduction as regressor 
variables of the endogenous variable lagged over as many 
time periods as there are separate lag profiles to estimate, 
however, and problems of high regressor correlations and 
autocorrelation of errors may make the estimates extremely 
unreliable. No lagged endogenous variable is required in 
the generalized Working model. In view of the number of 
price variables required to achieve adequate explanation of 
annual variation in milk supply and the limitations imposed 
by sample size, the generalized Working model is adopted in 
preference to the Koyck model. 
Unlike the method of Koyck, a specific price effect 
terminates after a given time period in the generalized 
Working method. No method is given for determining the 
appropriate duration in which an effect takes place, however, 
other than by trial and error. For this reason response 
parameters are estimated using several combinations of lag -
durations. The likely nature of the lag distributions is 
suggested from an evaluation of the statistical properties 
of this battery of equations. 
The variables used are derived from price ratios used 
and defined in the prior analyses. Estimates of response 
parameters have been made using 60 combinations of lag 
durations. These include the hay to milk price ratio 
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lagged 1 year, the feed grain to milk price ratio lagged 1, 
2, and 3 years, the slaughter cattle to milk price ratio 
lagged 1, 2, 3, 4, and 5 years, and the hog to milk price 
ratio lagged 2, 3, 4, and- 5 years. Variables are defined as : 
x^ Simple average of the logarithms of the feed grain 
to milk price ratios for years t-1 to t-j, j = 1 to 3. 
Xg Weighted average of the logarithms of the feed grain 
to milk price ratios for years t-1 to t-j, j-lto 3. 
Xg Simple average of the logarithms of the slaughter 
cattle to milk price ratios for years t-1 to t-m, 
m = 1 to 5. 
x* Weighted average of the logarithms of the slaughter 
cattle to milk price ratios for years t-1 to t-m, 
m = 1 to 5. 
x Simple average of the logarithms of the bog to milk 
price ratios for years t-1 to t-n, n = 2 to 5. 
Xg Weighted average of the logarithms of the hog to 
milk price ratios for years t-1 to t-n, n = 2 to 5. 
Xy Logarithm of the hay to milk price ratio, year t-1. 
Xg Time. 1938 = 1 to 1959 =22. 
Xg Logarithm of total milk production (million pounds) 
on farms, year t. 
Variables x^ through Xg vary between equations. 
Appropriate weights for variables Xg, x^, and Xg are given 
and explained in Chapter III. Estimates for the 'short-run 
and long-run elasticities of response and values are 
summarized in Table 18. 
Coefficients of multiple determination are high and 
quite adequate for all equations. Up to 8 regressor varia­
bles are included in the equations, however, which is a 
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table 13. Estimates of the elasticities of supply and coefficients of multiple da 
procedure of lag distribution estimation. 
Lag combination 
(j,m,n) 
Feed grain to milk 
price ratio 
Slaughter cattle to 
milk price ratio 
Hogs to milk 
price ratio 












































































-.075 .002 -.063 
-.077 -.027 -.137 




-.091 .007 -.057 
-.099 -.069 -.021 -.131 
-.0$© -.060 -.055 -.199 
-.053 -.043 -.070 -.257 
-.045 —.060 -.007 -.073 
-.051 -.059 -.034 -.060 
-.043 -.049 —.06l -.217 
-.024 -.032 -.079 -.291 
-.055 —«036 -.016 -.014 
-.104 -.041 
-.039 -.143 
-.049 -.029 —.062 -.210 &
 
0
 « -.017 -.076 -.261 
-.0)8 .005 -.011 -.092 
-.041 -.010 -.045 -.169 
-.033 —.006 -.070 -.222 
-.024 .003 -.082 -.279 
—.081 -.073 .001 —.067 
—.068 —.076 -.029 -.142 
-.06l -.066 -.054 -.201 
—»o46 -.046 -.072 -.261 
-.084 -.O89 —.067 .065 -.059 
-.073 -.097 -.068 -.022 -.134 
— .063 -.081 — .06l -.051 -•215 
-.047 -.055 -.043 -.071 -.258 
-.073 -.041 -.059 -.053 -.081 
-.060 -.049 -.058 -.038 -157 
-•055 -.043 -.0% -.062 -.217 
-.043 -.024 -.032 -.078 -.292 
-.065 -.053 -.034 -.016 —.085 
-.065 -.051 -.040 -.042 -.151 
-.062 -.049 -.029 -.061 -.207 
-.049 -.039 -.017 -.075 -.262 
-.079 -.036 .005 -.011 -.096 
-.052 -.040 -.011 -.047 -.176 
-.054 -.033 —.006 -.070 -.222 
efficiente of multiple determination for the generalized Working 
to logs to milk Hoy to milk 
0 price ratio price ratio 
4-1 a •+ kl a' + k'a a" •+ k*n 
•on Short-ran Long-run 
.002 -.063 .177 -.128 
-.027 -.137 .168 -.083 
-.057 -.203 .150 -.otto 
-.074 -.260 .148 -.020 
g 
.007 -.057 •172 .138 -.133 
S -.021 -.131 .l6l .159 -.090 
0 -.055 -.199 .145 .110 -.041 
3 -.070 -.257 .l*t4 .073 -.020 
>0 
-.007 -.073 .176 .oil -.127 
9 -.034 -.060 .163 .043 -.078 
9 •>.061 -.217 .148 .037 -.042 
12 -.079 -.291 .152 .016 -.027 |6 —*0l6 -.014 .152 .069 -.110 
H -.039 -.143 .151 .055 -.065 
9 
7 
—.062 -.210 .135 .062 -.087 
-.076 -.261 .133 .054 -.017 
6 -.011 -.092 .146 .059 -.149 
.0 -.045 -.169 .138 .057 -.080 
>6 -.070 -.222 .126 .046 -.031 
>3 —.082 -.279 .129 
.106 
.037 -.017 
.001 —.067 .180 -.137 
-.029 -.142 .17© .095 — .084 
-.054 -.201 .148 .036 -.043 
-.072 -.261 .147 .025 -.022 
>7 •065 -.059 .174 .099 .133 -.137 
>8 -.022 -.134 .162 .086 .155 —.090 
-.0% >1 -.051 -•215 .142 .028 .120 
y 
-.071 -.258 .142 .020 .079 -.023 
59 -.053 -.081 .186 .131 .024 -.146, 
>8 -.038 -157 .168 .114 .039 -.080 
•9 -.062 -.217 .148 .054 >037 -.042 
52 -.078 -.292 .151 .032 .016 — .028 
54 — .0l6 —.085 .158 .113 .066 -.121 
40 -.042 -.151 .154 .106 .058 — .067 
î9 —.06l -.207 .134 .052 .062 -.037 
17 -.075 -.262 .132 .036 .054 -.018 
55 -.011 -.096 .152 .120 .057 -.l60 
Ll -.047 -.176 .142 .100 .055 —.082 































Table 18. (Continued) 
Feed grain to milk Slaughter eat tie to Hoge to milk 
Lag combination price ratio milk price ratio price ratio 
(j,m,n) 












































































































































Hogs to milk Hey to milk 
price ratio price ratio 
Short-run Long-run 
t-1 a + kl a' 4 k'a a" + k*n 





-.013 -.065 .143 .029 -.091 .899 
-.O^K) —.066 .167 .096 -.093 .952 
-.070 -.251 .166 .093 -.051 .960 
—.086 -.301 .159 .070 
.164 
-.023 .953 
-.003 -.051 .133 .017 -«093 .903 
.954 -.033 -.161 .160 .086 .128 -.095 
-.069 -.248 .164 .091 .065 -.051 .960 
— .08b -.302 .160 .071 .031 -.021 .953 
—.025 -.085 .144 .046 .036 -.094 .877 
-.051 -.196 .172 .116 .024 -.094 •937 
-.099 -.277 .172 .ill .015 -.053 .953 
-.094 -.333 .169 .083 .001 -.026 .951 
-.032 -.086 .118 .034 .072 -.075 .906 
-.052 -.181 .153 .099 .050 -.078 .9%9 
-.075 -.259 .150 .096 .052 -.047 .970 
-.087 -.296 .142 .070 .047 -.017 .965 
-.028 -.100 .113 .042 .061 -.117 .897 
-.058 -.209 .14? .106 .052 -.093 .955 
—.084 -.274 .148 .102 .037 -.043 .957 
•956 -.094 -.315 .142 .077 .032 -.017 
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large number for such a small sample size® Yet a consistency 
can'be seen through the many repetitions of estimates, and 
these provide a useful check for inferences drawn from any-
particular equation. The intercorrelations between regressor 
variables are also not critical, and coefficients are in most 
cases consistently greater.than their standard errors, with 
the consistent exception of x§ for lag t-2 and the frequent 
exceptions of Xg for lags t-3 and t-4. 
As was the case in the analyses of the previous sections 
of this chapter, time accounts for most change in output 
throughout the period. The hay to milk price ratio lagged 
1 year also is associated with a positive coefficient which 
is usually 3 to 4 times as large as its standard error. The 
effects of the various lag combinations of the remaining 
variables on the characteristics of the estimates are sum­
marized in Table 18. In general the values increase as 
j increases to 3, and m and n increase to 4, and decrease 
slightly as m and n increase further to 5. Maximum long-run 
elasticity estimates occur in general for j = 2, m = 1, and 
n = 5. 
There are many cases in these equations where short-run 
elasticity estimates are larger than their comparable long-
run elasticity estimates. This is probably the outcome of 
random variation. The probabilities of a true difference 
between short-run and long-run elasticities occuring can be 
estimated, but in view of the added computational 
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requirements, these tests have not "been made. However, 
previous results suggest that a variable which Initially 
reduces output through a reduction in cow numbers may over 
time increase output through an improvement in the quality 
of the milking herd. The observed outcome could therefore 
possibly follow if we relax the restriction 
ail + piki = 0 » 
replacing it by 
ail * piki ~ °> 
where a^ is the response coefficient of X^ ^-1* pi 
length of the maximum effective lag of X^ and k^ is the 
constant response decrement of the a^. The a^ + p^k^ 
values are also summarized in Table 18. Again significance 
tests were not made for these values, but in all cases where 
a short-run elasticity estimate is considerably larger than 
its comparable long-run elasticity estimate, the value of 
ail + piki Is positive and relatively large. Minimum 
values of a^ + k^ (excluding the cases where p = 1) 
occur in general for j = 2, m = 3, and n = 5. 
The manner in which response coefficients are con­
strained in the generalized Working analysis is undoubtedly 
a compromise with reality. These results, however, together 
with information already gained from other sections of this 
chapter, do provide useful evidence about the nature of 
price effects over time. Evidence from all analyses points 
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to an effective negative lag period of 2 years for the feed 
grain to milk price ratio. The estimated short-run elastic­
ity of supply with respect to this variable (lagged 1 year) 
is from -.09 to -.10 in the previous analyses, and varies 
from -.04 to -.09 for j = 2 in the generalized Working 
analyses. The latter estimates are quite stable with 
respect to m, but variable with respect to n, being largest 
for n = 2 and smallest for n = 5. Estimates of long-run 
elasticity for the same variable fall within the same 
general range for the generalized Working analysis, support­
ing the conclusion from the previous analyses that this 
variable lagged 2 years has a small though consistently 
negative effect on total milk production. 
The generalized Working estimates suggest a maximum 
effective negative lag period of 3 years for the slaughter 
cattle to milk price ratio, with estimates of the short-run 
elasticity ranging from -.01 to -.05 and estimates of the 
long-run elasticity in the slightly higher range of from 
-.03 to -.06. As was the case for the feed grain to milk 
price ratio, short-run elasticity estimates from previous 
equations are in the top of the range of the generalized 
Working estimates, with a negligible response to the same 
variable lagged 2 years. The generalized Working estimates 
for m = 3 are stable with respect to j, but unstable with 
respect to n, decreasing as n increases. 
In the analyses of the previous sections the hog to 
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milk price ratio was accounted for only as a 5-year moving 
average. Elasticity estimates with respect to this variable 
range from -.10 to -.15. A lag period of 5 years also 
maximizes long-run elasticity estimates and minimizes the 
a^ + nk values for those lag periods considered in the 
generalized Working analysis. A maximum effective lag period 
of at least 5 years for the hog to milk price ratio is there­
fore suggested. Elasticity estimates for this variable with 
n - 5 are much larger than estimates for other variables. 
Estimates of the short-run elasticity range from -.07 to 
-.09 while estimates of the long-run elasticity range from 
-.26 to -.33. Elasticity estimates of other variables are 
quite unstable as n varies, however, decreasing as n 
increases. It is therefore likely that the hog to milk 
price ratio variable with n = 5 competes with other variables 
for explanation, overestimating the elasticity with respect 
to the hog to milk price ratio and underestimating the 
elasticities with respect to the feed grain to milk and 
slaughter cattle to milk price ratios. 
Conclusions 
The major conclusions which follow from these analyses 
are that under the average relative price situations of 
recent years the number of milk cows on farms will continue 
to decline while the average production per cow will continue 
to increase with an overall increase in the total annual 
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production of milk. Since 1935» after price effects have 
"been considered, overall milk production has expanded at an 
average compound rate of .8 per cent per year. 
Yet from a policy standpoint it appears that total 
annual milk production, and also the variation of its com­
ponents, can be predicted from the trend information and a 
knowledge of the significant price ratios. Which of the 
estimation equations will most adequately serve for purposes 
of prediction depends largely upon the purpose at hand. If 
we wish to know what output is likely to be in the coming 
year on the basis of prices which have already been realized, 
equations 18, 57, and 101 appear to be best suited for the 
estimation of the number of milk cows on farms, milk produc­
tion per cow, and total milk production respectively. This 
selection follows from the relatively few regressor variables 
which these equations incorporate, and the satisfactory R^, 
d', and F values they have in relation to other equations 
in the batteries of estimators. 
These equations incorporate few price variables. To 
predict the outcome of possible changes in the relative 
structure of prices other equations which incorporate the 
relevant price ratio variables may be used. The fact that 
little is often gained in the explanation of output variance 
by the incorporation of further price ratio variables does 
suggest, however, that response to relative price changes, 
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at least within the historical ranges of the last 25 years, 
will be fairly minor. Estimates of supply elasticities, at 
least in the short-run, are low, even in the more satisfac­
tory equations incorporating fewer variables. They suggest 
that a 10 per cent change in the feed grain to milk price 
ratio will only elicit a 1 per cent change in total milk 
output in the following year, whereas a 10 per cent change 
in the slaughter cattle to milk price ratio appears to 
elicit a .5 per cent change in total milk output. It must 
be remembered, however, that these are estimates of average 
effects which have operated within the limitations of price 
movements of the last 25 years, and more striking price 
differentials might give rise to much different effects. 
Analyses of the elimination of cows and heifers from dairy 
herds and the commercial slaughter of calves, presented in 
the following chapter, further add to our knowledge of 
these price effects. 
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CHAPTER Vî PRICE RESPONSE RELATIONSHIPS FOR COMPONENTS 
OF THE SUPPLY OF BEEF AND VEAL 
In moving from the milk to the beef-veal sector of the 
livestock economy, our analysis is greatly complicated. 
Cattle and calf slaughter is widely distributed across the 
nation, but production methods are markedly different from 
region to region. The sector is also characterized by large 
inter-regional movements of stock which take place during 
the production process. 
Many distinct activities lie behind the supplies of 
cattle and calves coming forward for commercial slaughter. 
These include the breeding and rearing of calves on the 
range, the pasturing of stockers, fattening for market, 
breeding and fattening of baby beef, breeding purebred 
cattle, together with calves and cattle coming from dual 
purpose herds, and culls from herds kept otherwise purely 
for dairying. In view of this diversity of sources of beef 
and veal (and the equally great diversity of quality) it 
might not be appropriate to consider this as a single 
supply sector. Available statistics preclude an adequate 
treatment by sources, however, and there is considerable 
justification for the single treatment from the point of 
view of demand, as these sources either supply a single 
product for the market or products which are very close 
substitutes. 
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Another distinction between the beef-veal and milk 
sectors lies in the relationship of product to working capi­
tal. Milk is the end product of the flow services of dairy 
cows, while beef and veal production arise from the stock 
services of cattle. The distinction is not clear cut. The 
utilization of the flow resources of dairy cows for milk 
does not destroy a certain potential use of their stock 
resources for beef, though the utilization of the stock 
resources of cattle and calves for beef and veal does destroy 
the potential utilization of the flow resources for milk 
production. The slaughter of cows and heifer calves further 
precludes the potential production of calves from these 
stock, whereas the production of milk does not. The poten­
tial usefulness of cattle as factor or product and the gains 
from inventory adjustments of livestock numbers point to the 
need for estimating market response within the production 
period for some aspects of the cattle and calf sector. 
A further distinguishing feature between the milk and 
beef-veal sectors is the greater year to year variability 
in the levels of output and prices in the latter sector. 
After the removal of linear time trends, the coefficient of 
variation for total cattle and calf slaughtering from 1935 
through 1959 is 10.6 per cent compared with 3.1 per cent for 
total milk production (and 21.3 per cent vs. 6.4 per cent 
when trends are not removed). The respective coefficients 
of variation from 1934 through 1958 of the feed grain 
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price to cattle feeding margin and the feed grain price to 
milk price ratios are 33.0 per cent and 19.5 per cent. 
Variability of output and price of each source of "beef and 
veal considered in the following analyses is greater than 
the variability of output and price of milk. This is a 
reflection of the cattle cycle causing and augmented by 
greater uncertainty associated with production planning. 
The strength of price response and the structure of 
time lags between production decisions and output also vary 
between sources of beef and cattle supply. Beef is produced 
from cattle which may have been bred, stocked, and condi­
tioned for market in one general area, bred and stocked in 
a region where grazing land is cheap and stocked and 
fattened in a region producing cheap feed grains, or bred 
where grazing is cheap and stocked and fed in another 
region where feed grains are cheap and other unmarketable 
farm products can be used by stock cattle. Sales of stocker 
and feeder steers are likely to be far less influenced by 
current prices and prices of the immediate past than are 
the sales of cows and heifers, which are an important 
determinant of changes in beef herd size. Calf slaughter 
is largely determined by the number of dairy cows brought 
into milk in the current or previous year, though to this 
number must be added a variable number of calves born to 
beef herds which are slaughtered rather than kept as 
stockers or breeders or sold to other areas as stockers 
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and feeders. 
Ideally the estimation of total beef and veal supplies 
should proceed through the estimation of the component 
sources. Total output would then be synthesized as the sum 
of these components. But the data which are available 
preclude such an analysis in terms of components which may 
be most meaningful for policy decisions. The heterogeneity 
of sources of supply of beef of various qualities, and the 
variety of qualities of meat from a given source of supply 
have greatly complicated the problems of statistical defini­
tion in the cattle industry. These problems have been 
briefly outlined by Ives (52). 
Data are available for the number of dairy cows and 
heifers which are annually eliminated from herds. Numbers 
of calves slaughtered annually are also available, though 
this is a somewhat arbitrary category. How slaughtered 
cattle are classified depends largely on how they are 
handled at packing plants. No precise figures are given 
for the production sources of the remaining portion of the 
beef-veal supplies. Some indication of what they might be 
can be gained from various inventory figures and data which 
are available for only certain states. Prom these sources 
we may obtain a series which can be used to represent an 
otherwise unavailable source of beef supply for the purposes 
of isolating those factors which are important in accounting 
for its year to year variation. 
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Four components of total beef and veal supplies are 
considered in the analyses of this chapter. They are : 
1) cattle sold from beef herds in western range and mountain 
states, 2) cattle bought as feeders and stockers, 3) cattle 
bred and fed locally, and 4) beef and veal supply from dairy 
herds. These components have been analyzed, either directly 
or indirectly, and information about the effects of various 
feed and livestock prices on these components has been 
obtained. The relationships between these components and 
total beef and veal supplies have not been investigated in 
this analysis. They raise many problems of aggregation 
which go beyond the scope of this study. Rather, output 
levels for the various production series used to represent 
these components are given for the years 1935 to 1959 in 
Table 19. Prime interest centers on the nature of the price 
effects on these components of supply. Some price effects 
may be augmented for the aggregate, while others may be lost 
through compensating effects. 
Cattle Sold from Beef Herds in Western 
Range and Mountain States 
Pasture is the major input in cattle raising. The 
western range states provide the most plentiful source of 
cheap grazing land in the nation. Breeding herds can be 
maintained cheaply in these states with little or no addi­
tional feeding over the grasses provided by the range, 







































(thousand) (thousand) (thousand) (thousand) (thousand) (thousand) (thousand) 
1935 5.881 14,173 8,766 
1936 5.319 15,268 9,120 
1937 5,082 14,684 9,519 
1938 4.674 14,253 6,581 
1939 4,796 14,050 8,436 
19% 3,345 2,338 5.012 14,387 8,361 
1941 3,588 1,907 2,002 4,816 15,848 8,568 
I9te 4,328 2,389 2,093 5,064 17,387 9,077 
1943 5,058 1,924 1,892 5.501 17.137 9.320 
1944 5,823 2,456 546 2,012 6,286 18,990 13,518 
1945 7.087 2,441 991 2,078 7,556 20,775 12,904 
1946 6,963 1,782 950 2,539 6,437 18,881 11,410 
1947 6,854 3,069 937 1,977 6,751 21,533 13,013 
1948 5,899 2,395 S&3 2,221 6,303 18,386 11,767 
3.949 6,471 2,681 673 2,824 5,336 18,013 10,818 
1950 4,891 2,056 609 2,572 5.679 17,901 9.973 
1951 5,134 1,183 4Q4 2,784 6,001 16,376 8,418 
^Definitions and derivations of these series are given in the appropriate sections of the text. 
Table 19. (Continued) 
Year 
Cattle sold Commercial Commercial Feeder and Cows and heif­ slaughtered slaughtered 
from beef slaughter of slaughter of stoeker steers ers elimi­ cattle calves® 
herds In cattle bred cattle bred received into nated from 
western and fed in and fed in Corn Belt dairy herds 
range and Corn Belt S. Atlantic states, August 
mountain states and S. Cen­ 1 year 
states tral regions 
(thousand) (thousand) (thousand) (thousand) (thousand) ( thousand) (thousand) 
1952 6.735 1.825 643 3.306 5.205 17,856 8,894 
1953 8.609 3.186 1,439 3.011 5,546 23.605 11,668 
1954 8.017 3,430 1,546 3,562 6,307 25,017 12,746 
1955 8,846 2,659 1.777 3,560 6,035 25.722 12,377 
1956 10.457 3.680 1.874 4,334 5.777 26.862 12,512 
1957 7,658 2,672 2,054 4,865 6,060 26,232 11,904 
1958 6.103 1,55*7 1.405 4,833 6.042 23,555 9,315 
1959 7,251 1,408 1,131 4,961 5.453 22,931 7.683 
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even in winter. Young cattle are grazed in these states 
for a varying period of time, depending on the condition 
of the range and the market for cattle. Some steers may be 
fed on the range to a size and condition in which they are 
suitable for immediate slaughter, but more typically cattle 
are sold to the feeder states for intensive grain feeding. 
For the stocking rates that these states will support, 
cattle production is limited by the land area available, 
fixed investment, the labor supply, and the number of breed­
ing stock available. Production alternatives in these 
states are limited. Sheep are raised, but their number is 
small. There is, of course, an important interrelationship 
between working capital (breeding cattle) and final product 
(cattle sold). Steers are kept solely for final sale, even 
though this may occur any time from soon after weaning to 
2 years from calving. But heifer calves can be either sold 
for final slaughter or incorporated into breeding herds. 
Cattle marketing can therefore be competitive between years. 
Reducing the size of the breeding herd may increase current 
sales but reduce sales in future years. Optimum breeding 
and sales decisions follow from the relationship between 
present and expected future prices. Variables used to 
account for the annual sales of cattle from beef herds in 
the range and mountain states have been selected with such 
decision factors in mind. These variables are : 
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X, Number (thousands) of cows and heifers 2 years old and 
older (not including dairy cows and heifers) on farms 
January 1 in 14 western range and mountain states, 
year t-1. 
Xg Average condition of the range (the western geographic 
division and range areas of North Dakota, South Dakota, 
Kansas, Oklahoma, and Texas) in August, September, 
and October, year t. 
Xg Average condition of the range in August, September, 
and October, year 5-1. Xg is Xg lagged 1 year. 
X. 5-year moving average of the average condition of the 
range in August, September, and October, year t-1. 
Xg Deflated price of hay, year t. Average seasonal price 
($) per ton of hay received by farmers in 14 western 
range and mountain states / implicit price deflator of 
GNP (1954 = 100). 
Xg Deflated price of hay, year t-1. Xg is Xg lagged 
1 year. 
Xy 5-year moving average deflated price of hay, year t-1. 
5-year moving average of the average seasonal price 
($) per ton of hay received by farmers in 14 western 
range and mountain states / implicit price deflator 
of GNP (1954 = 100). 
X_ Deflated price of stocker and feeder cattle, year t. 
Average price ($) per 100 pounds of feeder and stocker 
steers at Kansas City / implicit price deflator of 
GNP (1954 = 100). 
X Deflated price of stocker and feeder cattle, year 
t-1. Xg is Xg lagged 1 year. 
X. _ 5-year moving average deflated price of stocker and 
•LU feeder cattle, year t-1. 5-year moving average price 
per 100 pounds of feeder and stocker steers at Kansas 
City / implicit price deflator of GNP (1954 = 100). 
X,, Deflated average regional farm wage rate, year t. 
Average farm wage ($5x100) in the mountain states/ 
implicit price deflator of GNP (1954 = 100). 
X12 Deflated average regional farm wage rate, year t-1. 
X12 la X^ lagged 1 year. 
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X.g 5-year moving average deflated average regional farm 
wage rate, year t-1. 5-year moving average of the 
average farm wage rate ($x 100) in the mountain states/ 
implicit price deflator of GNP (1954 = 100). 
X14 Time. 1940 = 1, to 1959 =20. 
X]_5 Number (thousands) of cattle marketed from beef herds 
in 14 range and mountain states, year t. Total 
marketing of cattle less the number of cattle shipped 
in for feeding and breeding and cows eliminated from 
dairy herds during the year in Montana, Idaho, Wyoming, 
Colorado, New Mexico, Arizona, Utah, Nevada, North 
Dakota, South Dakota, Nebraska, Kansas, Oklahoma, 
and Texas. 
x1 = log X± . 
AXit = Xit " Xit-1 * 
Axit = zit " xit-l ' 
The number of cattle sold from these states (X^g) is 
related to these current and lagged variables. The number 
of cows and heifers on farms January 1, t-1, represents the 
size of the breeding herd from which cattle, normally sold 
as around yearlings, have been bred. Variables Xg, Xg, and 
X4 reflect the condition of the range in the late summer of 
the current year, the past year, and the past 5 years 
respectively. Figures for the condition of the range are 
based on reports of observers in the field. They lack an 
adequate standard by which year to year changes can be 
gauged, and the annual observations are not strictly compar­
able in a cardinal sense. They represent, however, possibly 
the best indication we have of year to year changes in the 
stocking capacity of the range, though these variables are 
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themselves not independent of the present and past stocking 
rates. Condition of the range in the same periods is also 
reflected in the deflated hay price variables, X,., Xg, and 
Xy. In poor range years the price of hay can be expected 
to rise, though this again will depend on the demand (total 
stock numbers) for forage. 
Since the raising of cattle presents virtually the 
sole production possibility for much of this region, economic 
factors leading to production variation will be generally 
production costs relative to cattle prices rather than 
competitive product prices relative to cattle prices. 
Variables X-q, X^g, and X^g are deflated farm wage rates 
in the mountain states, considered to be typical for the 
region as a whole. Labor represents a major portion of 
current expenditure in these states. Variables Xg, Xg, 
and X]_q are the deflated prices received for feeder and 
stocker cattle at Kansas City. The variable period of 
production in raising cattle greatly complicates the 
theoretically optimum response to changes in these variables. 
If current prices rise and farmers expect the rise to con­
tinue, fewer cattle may be put on the market in the current 
period. In the case of breeding stock deferment of sale 
will lead to greater cattle supplies in future years as 
progeny come onto the market. The cattle cycle phenomena 
suggest that cattle raisers do respond in this manner. 
Marketing deferment is limited to a shorter period in the 
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case of steers, and hence the effect of a current price rise 
which farmers expect to continue into the future will be a 
decline in current steer marketings and an increase in the 
marketings of the following year. 
Simultaneous equation biases are Introduced by the 
inclusion of current price variables X , X , and X . Cur-O o XX 
rent cattle sales are considered to have only a slight 
influence on the current price of hay and wage rate, however, 
and although current cattle marketings have a profound effect 
on cattle prices, the self-generation explanation of the 
cyclical behavior of cattle market supplies suggests that 
market response takes place strictly in response to price. 
Estimates of the number of cattle sold from the 
western range and mountain states are summarized as equa­
tions 1 through 47 in Tables 20 through 23. Equations 
summarized in these tables are estimated respectively in 
original values, logarithms, first differences, and first 
differences of logarithms. Relevant statistics for these 
equations are summarized in Table 24. Variable combinations 
in these equations are planned in 2 ways. In the first the 
breeding stock inventory at the beginning of the previous 
year is included as a basic variable, and other variables 
which may affect current marketings of cattle bred from 
these stock are added. In the second breeding stock 
inventories are not considered directly, but rather the 
long-run variables which themselves may affect the level 
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Table 20. Set marketings of cattle from beef herds from l4 range and mountain states (Xj 
with their standard errors in parenthesis. Data used are original values of < 
Equation 
number Constant xl *2 x3 X4 =5 *6 X7 












3 -6,971.70 .8676 
(.112) 1 

















































range and mountain states (%]%), 19^0 to 1959' showing regression coefficients 














































































































Table 21. Set marketings of cattle from beef herds from l4 range and mountain states 
coefficients with their standard errors in parenthesis. Duta used are loge 
Equation 
number Constant X1 *2 x3 *4 =5 *6 x7 *8 








































































rem l4 range and motintaln states (x]=), 1940 to 1959$ showing ragression 
parenthesis. Data used are logarithms of observations, except for time (X^). 






































































































Table 22. Bet marketings of cattle from "beef herds from l4 range and mountain eta 
coefficients with their standard errors in parenthesis. Data need are j 
Equation 
number Constant 4X3 A Xfy <a%6 












28 143.66 .2787 
(.613) 




























35 242.21 -61.82 
(29.68) 
4 range and mountain states ( AX^g), 19U0 to 1959: showing regression 








































































Table 23. Bet marketings of cattle from beef herds from l4 range and mountain s1 
regression coefficients with their standard errors in parenthesis. Dt 
Equation 
number Constant ZXX^ A X>> C&XG <AXG ^ XY A: 
36 .0018 1.3011 -.4595 .0708 
(.755) (-377) (.379) 
37 .0030 1.1741 .2658 -.0366 
(.907) (.191) (.236) 
3g -.0017 1.6171 
(.645) 
39 -.0054 1.6278 -.3817 .2256 
(.668) (.339) (.343) 
40 .0010 1.1760 .3216 -.0084 
(.854) (.185) (.227) 
41 .0018 -.2180 3.7618 -.gi 
(.364) (1.784) (.1: 
42 .0016 .5075 .3973 -.8 
(.199) (.498) (.1 
43 .0018 -.2088 3.7970 -.8 
(.295) (1.265) (.1 
44 .0015 .4972 .2720 -.9 
(.171) (.397) (.1 
45 .0023 1.2707 -.4877 -.5 
(.582) (.257) (.1 
46 .0049 1.0583 .2799 -.7 
(.643) (.161) (.1 
47 .0182 4.1915 -.9 
(.875) (.1 
m l4 range and mountain states ( 1940 to 1959? showing 















































































Table 24. Summary of statistical tests for equations 
1 through 47. 
Eq. R2* .a'* • F° Eq. • R2a d'b FC 
no. no. 
1 .911 2.02*d 3.47*d 24 .947 2.47* 39.04**d 
2 .914 2.27* 4.10* 25 .894 1.27* 27.55** 
5 .896 1.85* 5.81-::--::- 26 .631 2.23* 2.48N.S. 
4 .841 1.24* 1.42N.S. 27 .694 2.83* 3.57* 
5 .904 2.42* 6.03** 28 .534 2.29* 3.04N.S. 
6 .944 2.57* 9.25** 29 .599 2.10* 4 .87* 
7 .914 2.49* 9.54** 30 .680 2.78* 5.92** 
8 .874 1.50* 5.79* 31 .711 2.74* 4.85* 
9 .912 2.61* 16.25** 32 .742 3.06* 5.75** 
10 .909 2.56* 6.63** 33 .632 2.19* 7.42** 
11 .910 2.11* 6.65** 34 .733 5.00* 13.73** 
12 .903 2.48* 8.48** 35 .684 2.57* 6.71** 
13 .909 2.44* 22.33** 36 .835 2.71* 5.76** 
14 .942 2.04* 6.62** 37 .828 3.00* 4.99* 
15 .955 2.36* 8.08** 38 .789 2.70* 6.57** 
16 .937 2.00N.S . 8.97** 39 .799 2.38* 10.01** 
17 .839 .92* 1.09N.S. 40 .798 2.82* 7.01** 
18 .945 2.15 10.94** 41 .817 2.02* 8.62** 
19 .960 2.53* 10.44** 42 .773 2.90* 6.81** 
20 .965 2.82* 24.77** 43 .817 2.04* 20.09** 
21 .899 1.31* 5.26* 44 .759 2.78* 11.03** 
22 .954 2.62* 32.16** 45 .834 2.78* 9.15-::-* 
23 .954 2 .35* 28.73** 46 .828 3.00* 8.78** 
47 .810 1.91N.S. 53.37** 
^Coefficient of multiple determination. 
"^Durbin-Wat son autocorrelation statistic . 
CF value for the contribution of the price-cost varia­
bles to the battery of all regressor variables. 
"%.S. = Hot significant, P > .05. 
* = Significant at the 5 per cent level. 
** = Significant at the 1 per cent level. 
* = Inconclusive at the 5 per cent level. 
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of breeding stock numbers. 
A comparison of the statistics for characteristics of 
these equations shows that logarithmic equations have in 
o 
general higher R and F values than the equivalent non-
logarithmic equations. These differences are quite marked 
in the first differences equations. The Durbin-Watson d' 
statistics are not critical. There is little difference in 
the stability of coefficients between the first differences 
and non-first differences formulations. All functional forms 
are hence considered in evaluating the effects of movements 
in the various price and non-price variables. 
Since 1940 there has been a general increase in the 
marketing of cattle from these states, accompanied by the 
general cyclical movements which typify the whole industry. 
Years of peak marketings were 1945 and 1956. The upward 
trend over time is reflected in the positive and significant 
coefficients of variable X.^4 in equations of Tables 16 and 
17. Logarithmic equations 19 through 25 and the most 
adequate equation using the first differences of logarithms 
suggest an average shift in supply at the compound annual 
rate of 5 per cent. This trend is also reflected in the 
positive coefficients of the size of breeding herd variable, 
X^, in the equations of the same tables. Variable has 
itself increased consistently over time, and there is no 
evidence to suggest that equations incorporating X^ rather 
than X14 account more adequately for annual variation in 
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cattle numbers sold. Nor does It appear from first differ­
ences equations of Tables 22 and 23 that separate effects 
of time and changes in size of the breeding herd can be 
adequately separated. Coefficients of variable X^_ are 
strongly positive in equations of Table 23, yet given the 
possibilities of expanding salable cattle numbers from 
expanding the size of the breeding herd in the year before, 
these elasticity estimates are excessive. 
Current range conditions clearly affect ranchers' 
marketing decisions. Coefficients of variables Xg (current 
range conditions) are consistently negative, while those of 
Xg (current seasonal hay price) are consistently positive. 
In view of the nature of the former variable, it would be 
misleading to draw firm inferences from the size of its 
coefficients. The price of hay also reflects the condition 
of the range. When range conditions are favorable, there­
fore , it appears that ranchers retain stock to take advantage 
of the favorable feed situation, reducing market supplies 
available in the current year. The manner in which increased 
cattle supplies become available in future years arising from 
favorable feed conditions in the current year is not clear 
from these equations. Coefficients of Xg are consistently 
small relative to their standard errors. Coefficients of 
Xg are positive in non-first differences equations, but 
small and with variable signs in first differences equations. 
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The effect of the long-run condition of the range is also 
confused. Coefficients of variable X^, the lagged 5-year 
moving average of the average condition of the range, are 
quite unstable, though a high correlation between this 
variable and X^ suggests that in equations incorporating 
both X^ and the coefficients of these variables should 
be held somewhat suspect. Coefficients of X^ in other 
equations are all positive, in most cases strongly so. 
This suggests that in spite of the short-run effect of 
improved range conditions decreasing supplies of marketed 
cattle, the long-run effects are to increase these supplies. 
Coefficienta of Xy are all positive. The variable Xy is 
highly positively correlated with X^g, however, indicating 
that in years of breeding stock build up, range conditions 
remaining constant, there is a tendency for hay prices to 
be pushed up. 
Coefficients of the wage rate variables, X^, X^g, and 
X15, are confusing. There is no consistency in the signs 
of coefficients of the current deflated wage rate, variable 
X-Q. Coefficients of the lagged 5-year moving average of 
the deflated wage rate, X^g, are generally positive, though 
in non-first differences equations they are smaller in equa­
tions which do not contain variable X^. Coefficients of the 
deflated wage rate lagged 1 year, X^g, however, are consist­
ently positive and in most cases considerably larger than 
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their standard errors. The size of the response seems very 
large, however, even if rising labor costs should cause 
some postponement of cattle sales, and little structural 
significance can he placed on these coefficients. 
Coefficients of the deflated feeder and stocker price 
variables, Xg, Xg, and X^g, generally support the hypothesis 
that as prices increase ranchers hold back market supplies 
of cattle, and that these cattle are sold at a later date. 
Coefficients of the current deflated cattle price, Xg, are 
consistently negative and large in relation to their standard 
errors. In comparison coefficients of Xg are in general 
positive, and in most formulations are also greater than 
their standard errors. The negative estimates of the 
elasticity of response of X^$ with respect to Xg are in 
most cases greater than the positive elasticity estimates 
with respect to Xg. The former range from -.3 to -.8, while 
the latter range from 0 to .5. This indicates that rising 
cattle prices lead to smaller cattle sales in the current 
year, that this in turn results in some increase in the 
sale of cattle in the following year (probably as older 
steers) and some increase in the size of the breeding herd. 
Coefficients of the 5-year moving average deflated cattle 
price are irregular and have standard errors which are 
greater than their counterparts for Xg and Xg. The insensi-
tivity of this variable as a predictor is understandable 
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when it is realized that important turning points in the 
price cycle are confounded in the 5-year average. 
Summary 
Both range conditions and cattle prices appear to 
account for annual variation in the sale of cattle from 
western range and mountain states. Current cattle sales and 
the condition of the range are inversely related, indicating 
that ranchers consider the utilization of feed supplies 
when making marketing decisions. There is some evidence 
that current cattle marketings are positively associated 
with the long-run (5-year moving average) range conditions. 
Similarly there is an inverse relationship between current 
cattle sales and current cattle prices. This is only partly 
offset by postponement of sale to the following year, the 
remainder of the cattle presumably going to build up the 
breeding herd. 
Cattle Bought as Feeders and Stockers 
A major contribution to the total supply of beef animals 
comes through those animals which have been purchased as 
steer and heifer calves and yearlings from regions with 
plentiful supplies of grazing land for feeding in regions 
with plentiful supplies of harvested feeds. Throughout the 
period from a fifth to a third of all cattle commercially 
slaughtered have moved from one region to another during 
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the production process, and about 2 thirds of these have 
entered the Corn Belt. Generally these cattle are bought at 
around 700 pounds during the fall months and fed intensively 
for condition, being sold in the late spring and early summer 
at around 1000 pounds. A smaller number is bought at a 
lighter weight and stocked on pasture during the summer and 
early fall prior to intensive grain feeding. 
Available statistics do not permit us to isolate 
precisely the number of cattle slaughtered in a given year 
which come from cattle bought as stockers and feeders. 
However, data are available since 1940 for numbers of stocker 
and feeder cattle and calves which are received by months 
into certain Corn Belt states. The variable is the 
number of stockers and feeders received from August to July 
into Corn Belt states for which internal sales of cattle 
from pasture to feedlot can be considered low. The demand 
for cattle in these states for the year beginning August 1 
should approximately equal the supply of cattle from the 
buying and feeding activity in these 7 states for the ensuing 
calendar year period. The discrepancy will be due to a 
small number of heifers kept for breeding herds, a small 
number of animals which will not be marketed until the 
following year (compensated by some carry-over marketing of 
cattle purchased prior to August) and some cattle which may 
be purchased for feedlot from farms on rough land in the 
7 Corn Belt states. 
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Despite these discrepancies, factors which account for 
year to year variation in the demand for feeder and stocker 
cattle into these 7 states during August to July are consi­
dered to he important in accounting for the total supply of 
beef animals coming from the buying and feeding activity in 
the following calendar year. Most of the demand for cattle 
for feeding comes in the fall months. Relevant prices upon 
which decisions are made would then be those operating in 
the fall and late summer when purchase plans are formulated 
and executed. Prices used in this analysis are the average 
values operating from August through December of the year in 
which purchases are made, and for the same months in the 
preceding year to account for any lagged effect due to 
production rigidities. Variables used are : 
Slaughter steer to feeder and stocker steer price 
ratio, August to December, year t. Average price 
($>) per 100 pounds of choice slaughter steers at 
Chicago, August to December/ average cost ($) per 
100 pounds of feeder and stocker steers at Kansas 
City, August to December. 
Xg Slaughter steer to feeder and stocker steer price 
ratio, August to December, year t-1. Xg is X1 
lagged 1 year. 
Xg Feed grain price to cattle feeding margin ratio, 
August to December, year t. Average price ($>) 
per 1000 pounds of TDN fed to cattle from August 
to December / average price ($>) per 100 pounds of 
choice slaughter steers at Chicago less the average 
cost ($) per 100 pounds of feeder and stocker 
steers at Kansas City, August to December. 
X. Feed grain price to beef profit margin ratio, 
August to December, year t-1. X* is Xg lagged 
1 year. 
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Xg Feed grain to slaughter steer price ratio, August 
to December, year t. Average price ($) per 1000 
pounds of TDN fed to cattle from August to December/ 
average price ($) per 100 pounds of choice slaughter 
steers at Chicago, August to December. 
X4 Feed grain to slaughter steer price ratio, August 
to December, year t-1. X^ is Xg lagged 1 year. 
Xg Hog price to cattle feeding margin ratio, August 
to December, year t. Average price ($) per 100 
pounds of hogs received by farmers from August to 
December/average price ($) per 100 pounds of 
choice slaughter steers at Chicago less the average 
cost ($) per 100 pounds of feeder and stocker 
steers at Kansas City, August to December. 
X6 Hog price to cattle feeding margin ratio, August 
to December, year t-1. Xg is X^ lagged 1 year. 
X* Hog to slaughter steer price ratio. August to 
December, year t. Average price ($>) per 100 pounds 
of hogs received by farmers from August to December/ 
. average price ($) per 100 pounds of choice 
slaughter steers at Chicago, August to December. 
X* Hog to slaughter steer price ratio, August to 
December, year t-1. Xg is Xg lagged 1 year. 
X„ Milk price to cattle feeding margin ratio, August 
to December, year t. Average price ($) per 100 
pounds of milk delivered to plants from August to 
December / average price ($) per 100 pounds of 
choice slaughter feeder and stocker steers at 
Kansas City, August to December. 
Xg Milk price to cattle feeding margin ratio, August 
to December, year t-1. Xg is X? lagged 1 year. 
Xg 5-year moving average milk price to cattle feeding 
margin ratio, year t. 5-year moving average of the 
annual average price ($) per 100 pounds of milk 
delivered to plants/ annual average price ($) per 
100 pounds of choice slaughter steers at Chicago 
less the annual average cost ($) per 100 pounds 
of feeder and stocker steers at Kansas City. 
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X„ Milk to slaughter steer price ratio, August to 
December, year t. Average price ($) per 100 pounds 
of milk delivered to plants from August to December/ 
average price (#) per 100 pounds of choice slaughter 
steers at Chicago, August to December. 
Xg Milk to slaughter steer price ratio, August to 
December, year t-1, Xg is Xy lagged 1 year. 
Xg 5-year moving average milk to slaughter steer price 
ratio, year t. 5-year moving average of the annual 
average price ($) per 100 pounds of milk delivered 
to plants /annual average price ($) per 100 pounds 
of choice slaughter steers at Chicago. 
X1Q Time. 1940 = 1, to 1959 = 20. 
X,, Number (thousands) of feeder and stocker steers 
received into 7 Corn Belt states (Ohio, Indiana, 
Illinois, Michigan, Wisconsin, Minnesota, and 
Iowa) for the year beginning August 1 of calendar 
year t. 
= log X^. 
Axlt = xit " x»-v 
Axit = xit - *u-l-
There has been little prior work done in isolating 
important price variables to which farmers respond in purchas­
ing cattle for fattening. Thompson (85), using the single 
equation limited information technique, found that the number 
of feeder cattle imported into Iowa for the year beginning 
August 1 has been negatively affected by current increases 
in the prices of feeder and stocker steers at Kansas City 
and corn at Chicago, and positively affected by a current 
increase in the price of slaughter steers at Chicago. No 
indication of the strength of these effects was given. 
The economic theory of firm income maximization suggests 
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that for factor demand the relevant decision variables are 
again price ratios, and should include the ratio of final 
product price to factor cost, and the ratios of other factor 
costs to final product price and competitive product prices 
to final product price. Dean and Heady (21) have found the 
cattle feeding margin (price per hundredweight of slaughter 
cattle minus price per hundredweight of feeder and stocker 
cattle) to be a useful measure of the competitive position 
of feeding cattle in estimating the supply of hogs in the 
North Central Region. Both price of slaughter cattle and 
cattle feeding margin have been used in this study. 
Variables and Xg are the ratios of prices of choice 
slaughter steers at Chicago to feeder and stocker steers at 
Kansas City during August through December of the current 
year and preceding year respectively. Variables Xg and X^ 
are the feed grain price to cattle feeding margin ratios 
for the same periods, while variables Xg and X^ are the 
corresponding feed grain to slaughter steer price ratios. 
Major competitive livestock enterprises in these Corn Belt 
states are hogs and dairy cattle. Variables Xg and Xg are 
the hog price to cattle feeding margin ratios in August 
through December of the current and preceding years respec­
tively, and variables X^ and Xg are the corresponding hog 
to slaughter steer price ratios. Variables Xy and Xg are 
the milk price to cattle feeding margin ratios in August 
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through December of the current and preceding years respec­
tively, and variables and X^  are the corresponding milk to 
slaughter steer price ratios. Variables X7, Xg, Xy, and Xg 
reflect the short-run competitive position between cattle 
feeding and milk production. Due to large quantities of 
fixed capital involved, however, swings between cattle feed­
ing and dairying are more likely to follow long-run changes 
in price movements. This is reflected in the variables Xg 
and X& which are the 5-year moving average milk price to 
cattle feeding margin and milk to slaughter steer price 
ratios respectively. Time is represented by variable X-^ q. 
Equations 48 through 98 of Tables 25 through 28 incor­
porate these variables in accounting for the number of 
stocker and feeder cattle and calves received into the 7 
Corn Belt states, X^^. Analyses are made on original observ­
ations in equations 48 through 60, logarithms (except for 
Xio) in equations 61 through 72, first differences in equa­
tions 73 through 85, and first differences of logarithms 
(except for X-^Q) in equations 86 through 98. The first 8 
equations of each table incorporate systematic combinations 
of the regressor variables. In the remaining equations of 
each table those variables whose coefficients are less than 
their standard errors are deleted. A summary of the statis­
tical tests for equations 48 through 98 is given in Table 29. 
The short series does not allow for sufficient degrees 
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Sable 25* Stocker and. feeder eattle and calves received into J Corn Belt states (Xj^), 1940 
with their standard errors In parenthesis» Data used are original vaines of obsex 
Equation 
number Constant %1 *2 b y X4 or %5»r^ =6 « 

































































































6oa 266.80 -1,174.44 
(803.93) 
P^rimed variables are used in equations 52, 53» 5%, 55. 58, 59» and 60. 
:eived into 7 Corn Belt states (X^), 1940 to 1959$ shoving regression coefficients 
.s» Data used are original vaines of observations. 
Y X4 or X
a^ 
*5 " 4* H « < 
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>3. 54, 55, 58, 59. and 60. 
Table 26. Stocker and feeder cattle and calves received into 7 Corn Belt states (), igUo to 
1959i showing regression coefficients with their standard errors in parenthesis. 
Data used are logarithms of observations, except for time (X^Q). 
Eq. 
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®Primed variables are used in equations 65, 66, 67, 68, 71. and 72. 
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Table 27. Stocker and feeder cattle and calvee received into 7 Corn Belt states ( A%i) » 
their standard errors in parenthesis. Data used are first differences of obser 
Equation 
number Constant *=2 z&Xg or A^* or or AXg* A 




























































































®Primed variables are used in equations 77, 78, 79, 80, 83, 84, and 85. 
7 Corn Belt states ( A%i), 19^0 to 1959: showing regression coefficients with 
re first differences of observations# 











































































83, 84, and 85. 
Table 28. Stocker and feeder cattle and calves received into 7 Corn Belt states (a^), 1940 to 
1959! showing regression coefficients with their staadard errors in parenthesis. 
Date used are first differences of logarithms of observations, except for time (X^). 
no. Constant ^*1 *** 








a x7 or 
f»a 
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ûx- or A XQ or 


































































































^Primed variables are used in equations 90, 91» 92, 93» 96» 97» and 98. 
Table 28. (Continued) 
Bq. 
no. Constant AXi Ax2 








Ax* or aXQ or 
 ^*8* Axga 




























Table 29. Summary of statistical tests for equations 
48 through 98. 
Eq. R2* a'b FC Eq. R2* d ' b  Fc 
no. no. 
48 .933 1.54vd 1.74 N.S.d 74 .419 2.1544 1.13 N.S.d 
49 .910 1.30 + 1.23 N.S. 75 .417 1.85-* 2.50 N.S. 
50 .875 1.16 + .97 N.S. 76 .263 1.91 N.S. ,1.25 N.S. 
51 .848 1.05* .17 N.S. 77 .576 2.22 + 1.70 N.S. 
52 .969 2.23 + 5.26**d 78 .510 2.08 + 1.64 N.S. 
55 .903 1.29 + 1.01 N.S. 79 .394 1.93 N.S. 2.27 N.S. 
54 .898 1.59* 2.00 N.S. 80 .441 1.91 N.S. 2.76 N.S. 
55 .861 .70 + .52 N.S. 81 .406 1.76 N.S. 3.43*d 
56 .911 1.12* 2.48 N.S. 82 .356 1.14* 1.94 N.S. 
57 .906 1.43* 2.94 N.S. 83 .517 2.37* 5.15** 
58 .968 2.15* 8.83** 84 .460 2.45* 2.98 N.S. 
59 .898 1.30* 2,74 N.S. 85 .441 1.91 N-S. 2.76 N.S. 
60 .856 . 64** 1.55 N.S. 86 .644 2.38* 2.26 N.S. 
61 .967 2.08 + 4.26* 87 .551 2.52 + 1.93 N.S. 
62 .910 1.28* .94 N.S. 88 .586 2.19 N.S. 4.96* 
63 .940 1.79* 4 .86* 89 .314 2.15 N.S. 1.60 N.S. 
64 .871 1.28 + .38 N.S. 90 .662 2.62+ 2.45 N.S. 
65 .977 2 .57* 6.58** 91 .540 2.08+ 1.85 N.S. 
66 .914 1.54* 1.04 N.S. 92 .471 2 .01 N.S. 3.12 N.S. 
67 .926 1.86+ 3.28* 93 .475 2.02 N.S. 3.16 N.S. 
68 .883 .95* .79 N.S. 94 .520 1.65* 5.41* 
69 .964 2.30 + 5.96** 95 .503 2.49* 3.51* 
70 .898 1.40* 3.22 N.S. 96 .623 2.41* 4.30* 
71 .975 2.60* 9.31** 97 .502 2.32* 5.05* 
72 .911 1.76* 3.05 N.S. 98 .467 1.98N.S .4.38* 
73 .485 2.22* 1.18 N.S. 
^Coefficient of multiple determination. 
^Dur bin-Watson autocorrelation statistic. 
CF value for the contribution of the price-cost varia­
bles in the battery of all regressor variables. 
dN.S. = Not significant, P> .05. 
* = Significant at the 5 per cent level. 
= Significant at the 1 per cent level. 
+ = Inconclusive at the 5 per cent level. 
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of freedom to make very adequate inferences from any particu­
lar equation. This is reflected in the low, and for the most 
part non-significant, P values, even though individual 
variable coefficients are significant. The values are in 
general adequate, and in spite of a strong positive trend 
through time, the equations estimated in first differences 
account for from 51 per cent to 81 per cent of the variation 
remaining after trend has been removed. Paralleling the 
supply of feeder and stocker cattle from, the western range 
and mountain states, a demand shift at the annual average 
compound rate of 4.5 per cent has been apparent during the 
period. The Durbin-Watson d' statistics are not critical, 
but again the small number of degrees of freedom preclude 
p 
the making of strong inferences. The R values are on the 
whole greater, equation for equation, in the equations in 
which prices are deflated by slaughter steer prices rather 
than cattle feeding margin, and are consistently greater, 
equation for equation, where data are transformed to 
logarithms or their first differences. 
The influence of movements in the price of slaughter 
steers relative to the price of stockers and feeders is not 
clearly isolated in these equations. The signs of variables 
and Xg are consistently negative in equations where other 
prices are deflated by the cattle feeding margin. These 
coefficients are somewhat suspect, however. As these 
variables increase, there is a concomitant increase in the 
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cattle feeding margin, and hence a decrease in variables Xg 
through Xg. Variables X^ and Xg are, in fact, negatively 
correlated with all other price variables, and in certain 
cases significantly so. This causes a negative bias in the 
coefficients of X^ and Xg when the coefficients of the 
remaining variables are negative, as theory would suggest 
they should be. Coefficients of X^ and Xg show no consist­
ency in the non-first differences equations in which other 
price variables are deflated by the price of slaughter 
steers, but when the slight negative trend in the variable 
X^ and the positive trend in X^i are removed in first 
differences equations, the coefficients of X^ become strongly 
positive. It seems likely that these coefficients reflect 
the true response to changes in X^, having a positive 
response elasticity of from .2 to .4. No significant lagged 
effect of this variable is evident from the coefficients 
of Xg. 
The effects of feed grain prices relative to beef 
prices are estimated in the coefficients of Xg, Xg, X4, and 
X^. In all cases these are negative, and in most cases 
strongly so, indicating a marked response to feed availabil­
ity and price. In equations 48 through 72 the coefficients 
of these variables are quite unstable with respect to the 
formulation, but possess a greater stability in the first 
differences formulation of equations 73 through 98. 
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The coefficients of X^ in these equations are all greater 
than their standard errors, and only in 2 instances are 
the coefficients of X^, being about half the value of the 
corresponding coefficient of X3, less than their standard 
errors. The elasticity of response to changes in the feed 
grain to slaughter steer price ratio appears to be in the 
range of from -.2 to -.5 during the current year (X3), and 
continues in the smaller range of from -.1 to -.25 in the 
following year (X^). 
Hog production is the major alternative outlet for feed 
grains on farms in the Corn Belt states. Coefficients of 
Xg, Xg, Xg, and Xg reflect the competitive position of hogs 
with fattening cattle during the decision months. Again the 
first differences equations demonstrate greater stability of 
the coefficients, and the effects are most marked and 
consistently negative where the competitive position of hogs 
is contrasted to the price of slaughter steers rather than 
to the cattle feeding margin. The range of the likely 
elasticity of response to changes in the hog to slaughter 
steer price ratio is from -.1 to -.3 in the current period 
(Xg), and is not consistently perceptable during future 
periods. 
Unexpected positive signs are associated with the 
coefficients of the various milk to beef price ratio varia­
bles. These also tend to be greater than their standard 
errors, depending somewhat on the formulation. The positive 
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coefficients may indicate that dairy herds compete with beef 
cattle for pasture land rather than feed grain. During the 
period there has been a noticeable decline in the price of 
milk with respect to the price of beef. Thus beef cattle 
are replacing dairy cows on pasture land in the region, 
partly offsetting the requirements of feeder and stocker 
cattle from the west and south for the utilization of the 
region's feed grains. 
Summary 
The analyses account for year to year variation in the 
demand for stocker and feeder cattle in 7 Corn Belt states 
quite well, though the data series which are available are 
too short for making strong inferences. It would appear 
that farmers have responded to the prices of feeders and 
stockera and slaughter cattle in a factor-product sense 
rather than as a feeding margin. The current response elas­
ticity with respect to the slaughter steer to feeder and 
stocker price ratio is from .2 to .4. There is also a 
marked response to the price (or availability) of feed 
grains. The elasticity of response with respect to the 
current feed grain to slaughter steer price ratio is from 
-.2 to -.5, while it is from -.1 to -.25 with respect to 
the same ratio lagged 1 year. Hogs are competitive in 
the short-run. The elasticity of response with respect to 
the hog to slaughter steer price ratio is from -.1 to -.3. 
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During the last 20 years there has been a decline in the 
price of milk with respect to the price of beef, and this 
may have displaced dairy cattle on pasture in the 7 states 
by beef cattle herds which partly offset the need for stocker 
and feeder cattle entering the region. 
Cattle Bred and Fed Locally 
Beef cattle are the most important consumers of pasture 
in the nation. It is their ability to utilize pasture which 
makes breeding and raising cattle an important enterprise 
in all regions. Even in the Corn Belt states, where large 
supplies of cheap feed grains provide the basis for the 
feeder industry, from a fourth to a half of the cattle 
slaughtered come from cattle bred and raised in the region. 
Breeding and rearing cattle has always been important for 
the utilization of pasture grown on rough land unsuitable 
for cropping. 
The comparative profitability of breeding and feeding 
cattle will depend largely on production alternatives. The 
operation usually consists of breeding cows in summer, calv­
ing next spring, and putting calves in feed lot the following 
fall for up to 6 months prior to slaughter. To complete the 
whole operation adequate pasture is required for the breeding 
herd and grains for feeding calves. In the Corn Belt the 
predominance of grain land and availability of western range 
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cattle has discouraged "breeding in favor of a feeding opera­
tion. In other regions, notably the South and South East, 
a smaller proportion of the land is suitable for cropping. 
Locally bred cattle are fed from locally produced feed grains 
which may be supplemented from grains shipped in from other 
sources. But grain and pasture acreages are not fixed from 
year to year. Land can be taken out of crop production and 
put into sown pasture. Crop rotations have changed over the 
years. Feed grains, and to some extent pasture roughage, 
can be bought and sold between regions. The breeding and 
feeding of cattle and the feeding of purchased stockers, 
then, are themselves competitive enterprises in many areas. 
The production period for breeding cattle is much longer 
than that of the feeder operation, however. More than 2 
years may elapse between the times when cows are bred and 
finished cattle sold. Keeping a breeding herd is thought of 
as being a long-run undertaking, and year to year adjustments 
in cow numbers have longer run production implications than 
year to year variations in the size of a feeder operation. 
To understand the interrelationships between prices and 
production of cattle bred and fed locally, 2 regions have 
been isolated for study. The first is composed of the same 
7 Corn Belt states previously studied in the analysis of 
feeder and stocker demand. The second is composed of the 
Southern and South Eastern states. The different supply 
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relations between feed grains and pasture roughage in these 
regions make them appropriate for separate study. 
Cattle bred and fed in the Corn Belt states 
In the Corn Belt states the major alternative to the 
feeding of grain to locally bred cattle is the feeding of 
grain to purchased cattle or to hogs. The major alternative 
use for summer pasture is for dairy cattle or perhaps some 
stocker or locally bred sheep. The extent to which these 
enterprises compete with bred cattle will depend upon price 
and cost movements over a number of years. Variables used 
in this analysis are : 
Feed grain to slaughter steer price ratio, year t-1. 
Average seasonal price ($) per 1000 pounds of TDN 
from feed grains fed to beef cattle / average price 
($) per 100 pounds of choice slaughter steers at 
Chicago, year t-1. 
Xg Feed grain to slaughter steer price ratio, year 
t-2. Xg is X^ lagged 1 year. 
X„ Feed grain to slaughter steer price ratio, year 
t-3. Xg is X^ lagged 2 years. 
X Hay to slaughter steer price ratio, year t-1. 
4 Average seasonal price ($) per ton of hay received 
by farmers in 7 Com Belt states / average price ($) 
per 100 pounds of choice slaughter steers at 
Chicago, year t-1. 
Xg Hay to slaughter steer price ratio, year t-2. Xg 
is X^ lagged 1 year. 
Xg Hay to slaughter steer price ratio, year t-3. 
Xg is X4 lagged 2 years. 
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Xi? Hog to slaughter steer price ratio, year t-1. 
Average price ($) per 100 pounds of hogs received 
by farmers in 7 Corn Belt states / average price 
(|) per 100 pounds of choice slaughter steers at 
Chicago, year t-1. 
Xg Hog to slaughter steer price ratio, year t-2. 
Xg is X7 li§ged 1 year. 
Xg Hog to slaughter steer price ratio, year t-3. 
Xg is Xy lagged 2 years. 
Xio Feeder and stocker steer to slaughter steer price 
ratio, year t-1. Average cost ($) per 100 pounds 
of feeder and stocker steers at Kansas City / average 
price ( $) per 100 pounds of choice slaughter steers 
at Chicago, year t-1. 
X,, Feeder and stocker steer to slaughter steer price 
ratio, year t-2. X11 is X1Q lagged 1 year. 
X^g Feeder and stocker steer to slaughter steer price 
ratio, year t-3. X^G is X^Q lagged 2 years. 
X13 Mlk to slaughter steer price ratio, year t-1. 
Average price ($) per 100 pounds of milk delivered 
to plants in 7 Corn Belt states / average price ($) 
per 100 pounds of choice slaughter steers at 
Chicago, year t-1. 
X,4 Milk to slaughter steer price ratio, year t-2. 
x14 is X1S lagged 1 year. 
X]_5 Milk to slaughter steer price ratio, year t-3. 
%]_5 is X13 lagged 2 years. 
Xie 5-year moving average milk to slaughter steer price 
ratio, year t-1. 5-year moving average of the 
average price ($) per 100 pounds of milk delivered 
to plants in 7 Corn Belt states / average price ($) 
per 100 pounds of choice slaughter steers at 
Chicago, year t-1. 
X]_Y Time. 1941 = 1, to 1959 = 19. 
X^g Number (thousands) of cattle commercially slaugh­
tered from cattle bred and stocked in 7 Corn Belt 
states (Ohio, Indiana, Illinois, Michigan, Wisconsin, 
Minnesota, and Iowa), year t. Total number of 
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cattle commercially slaughtered in the 7 states 
less the number of cows and heifers eliminated 
from dairy herds during the year less the number 
of feeder and stocker steers received into the 
7 states for the year beginning August 1, t-1. 
= log X1# 
AXit = xit - xit-l* 
Axit - xit ~ xit-l* 
The number of cattle slaughtered from cattle bred and 
stocked in the 7 states is related to the price variables 
lagged over 1, 2, and 3 years in equations 99 through 130. 
Equations are estimated in original values, logarithms, first 
differences, and first differences of logarithms in Tables 
30, 31, 32, and 33, respectively. Relevant statistics for 
these equations are summarized in Table 34. They do not 
indicate any marked differences between different functional 
formulations. 
Variables X^, Xg, and Xg account for changes in the 
price (or availability) of feed grains relative to the price 
of slaughter cattle in the region during various phases of 
the production process. Coefficients of these variables are 
all positive (with the sole exception of the coefficient of 
in equation 125, which is quite small in relation to 
its standard error). It has already been noted that the 
price or availability of feed grains markedly influences the 
size of the purchased feeder and stocker operation. It 
appears, therefore, that a factor which influences the 
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Table 30. Cattle slaughtered from bred and stocked cattle In 7 Corn Belt states (Xig). 1941 to 19; 
•aluee of observations. 
Sanation 
number Constant ll *2 *3 *4 =5 H =7 
















































106 7,001.58 1,319.00 
(547.66) •m 
)4l to 19591 showing regression coefficients with their standard errors in parenthesis. Data used ore 01 









































; 1l (6,96 
1,59 
(6,57 
coeffloienta with their standard errors in parenthesis. Data used ore original 


























































Table 31, Cattle slaughtered from bred and stocked cattle in 7 Corn Belt states (x^g), 1941 ti 
standard errors in parenthesis. Data used are logarithms of observations, except f 
Equation 
number Constant =1 *2 x3 =4 *5 =6 *7 =8 *9 






































































Lt states (x^g), 1941 to 1959! showing regression coefficients with their 
observations, except for time (%y)« 
*7 =8 *9 =10 =11 =12 *13 =14 =15 =16 V 
3072 .9096 -1.4889 -.6394 1.8379 -1.3981 -.0011 
385) (.469) (.815) (1.148) (.877) (.742) (.007) 
.0817 .3260 -2.8667 -2.2250 .8849 -2.4349 -.0198 
(.609) (.627) (1.344) (1.505) (I.27O) (1.021) (.010) 
2792 .1863 -I.II38 .1448 -.8270 .0031 
412) (.429) (1.030) (1.316) (.815) (.007) 
-.7526 -.2624 -.7105 -1.39*4 -2.16IO -.0077 
(.595) (.483) (1.702) (1.762) (1.374) (.010) 
-2.3960 -1.9091 1.1031 .0549 
(.615) (.610) (.314) (.411) 
-2.2120 -1.7368 1.1317 -.2634 
(.573) (.692) (.314) (.513) 
-2.3454 .8852 .0804 
(.797) (.397) (.532) 
-1,8320 1.0426 -.8926 
U'56) (.370) (.530) 
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, Table 32. Cattle slaughtered from bred and stocked cattle in 7 Corn Belt states (AX^g), ig4l to 1959$ 
first differences of observations. 
Equation 
number Constant All A Xg 4=3 4% A%6 4: 





























































i (4 %ig), 19^1 to 1959s shoving regression coefficients with their standard errors in parenthesis. Data usee 
*6 4Xg A Xg 4=10 ^Xu 4%12 4X13 d*i4 ' à 
>. 660.96 1,200.51 -3.878.03 1,632.10 15,581.68 -21,535.96 
(1,251.52) (1,273.47) (2,786.62) (3,238.40) (14.195-39) (14,504.73) 
!7.67 240.18 1.239.23 -3.454.66 -5,286.37 -478.99, -18, 
56.38) (2,130.30) (1,644.12) (3,891.87) (5.418.41) (21,008.32) (22, 
1,012.81 -428.76 -2,301.62 3.926.56 
(1,340.90) (1,233.89) (2,783.60) (3,561.33) 
1.18 -970.17 489.74 -l.55i.57 -6,031.80 
2.51) (1,483.07) (1,407.38) (3.735.36) (4,605.01) 
-4,814.36 -6,754.62 6, 
(1,792.27) (2,009.95) (6, 
-4,381.61 -5,713-46 ' 21,476.62 
(1,369.63) (1,748.27) (4,439.34) 
-3,236.02 20,185.85 6, 
(2.357.5D (6,720.34) (8, 
-3,292.83 24,327.73 
(1,785.67) (5.850.69) 
ression coefficients with their standard errors in parenthesis. Data used are 
*9 AX10 ^11 4%12 4X13 d*i4 4:15 4XI6 
-3.878.03 1,632.10 15,581.68 -21.535.96 
(2,786.62) (3,238.40) (14,195.39) (14,504.73) 
Î.23 -3.454.66 -5,286.37 -478.99, -18,340.27 
1.12) (3,891.87) (5.418.41) (21,008.32) (22,551.76) 
-2,301.62 3.926.56 -27,304.01 
(2,783.60) (3,561.33) (19,196.96) 
)-74 -l.55i.57 -6,031.80 -4.259.67 
r-38) (3.735.36) (4,605.01) (23,093.66) 
-4,814.36 -6,754.62 " 6,602.61 
(1,792.27) (2,009.95) (6,105.65) 
-4,381.61 -5,713.46 ' 21,476.62 -23.IO6.93 
(1,369.63) (1,748.27) (4,439.34) (9,429.39) 
-3,236.02 20,185.85 6,210.95 
(2,357.51) (6,720.34) (8,320.57) 
-3,292.83 24,327.73 -30,297.52 
(1,785.67) (5.850.69) (12,324.47) 
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Table 33» Cattle slaughtered from bred and stocked cattle in 7 Corn Belt states (Ax^g), 
their standard errors in parenthesis. Data used are first differences of loga 
Equation 
ooaber Constant ^=1 ^=2 
**3 * =5 ^=6 ax7 *z8 
































































Belt states ( A x-^g), I9U1 to 1959! showing regression coefficients with 
t differences of logarithms of observations. 
ax7 *=8 **9 a =10 
A=ll A=12 A =13 AxI4 ^*15 
.0483 .4738 -1.4422 .4631 1.3066 -1.0826 
(.545) (.4%0) (1.339) (1.541) (1.075) (1.212) 
-.0193 .4925 -.4846 -2.717O .8173 -I.3OOI 
(.674) (.484) (1.192) (1.653) (1.129) (1.393) 
-.0059 .0662 -.6425 1.8462 -I.3639 
(.444) (.432) (1.161) (1.360) (1.202) 
-.4349 .1621 .1583 -2.4635 -.3775 
(.455) (.404) (1.168) (1.486) (1.299) 
-1.8893 -3.OI85 1.2603 .1667 
(.459) (.545) (.252) (.328) 
-2.0053 -2.7634 1.3627 -I.IO98 
(.350) (.436) (.198) (.407) 
-1.2841 1.3932 .3253 
(.831) (.468) (.609) 
-1.5214 1.5262 -1.7134 
(.704) (.405) (.816) 
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Table 34. Summary of statistical tests for equations 
99 through 130. 
Equation R2a 
-number 
99 .855 2.3Pfd 4.09* 
100 .653 1.969 1.06 N.S.° 
101 .781 2 .37* 3.12 N.S. 
102 .535 2 . 2 2 *  1.00 N.S. 
103 .820 1.30* 10.84**d 
104 .841 1.53* 12.50** 
105 .705 1.65* 7.65** 
106 .782 1.74* 11.51** 
107 .879 2.20* 5.09* 
108 .759 1.78* 2.20 M.S. 
109 .781 2.32* 3.40* 
110 .659 2.02* 1.72 N.S. 
111 .847 1.38 t 13.2 5** 
112 .850 1.49 * 13.57** 
113 .721 1.82 * 8.41** 
114 .771 1.82* 10.93** 
115 .790 2.15 + 2.63 N.S. 
116 .639 1.75* 1.24 N.S. 
117 .695 1.78* 2.03 N.S. 
118 .591 1.34 + 1.29 N.S. 
119 .848 2.04 * 5.59** 
120 .891 1.62* 15.04** 
121 .693 2.00 + 5.42** 
122 .786 1.81* 8.84** 
123 .753 2.1&+ 2.14 N.S, 
124 .694 1.23* 1.59 M.S. 
12 5 .689 2.18* 1.97 M.S. 
126 .635 1.16* 1.54 N.S. 
127 .915 2.32* 19.77** 
128 .948 2.18* 33.59** 
129 .678 1.78* 5.06** 
130 .759 2.18*= 7.59 ** 
^Coefficient of multiple determination. 
^Durb i n-Wa t s on autocorrelation statistic. 
CF value for the contribution of the price-cost variables 
to the battery of all regressor variables. ^ 
d-E.S. = Wot significant, P > .05. 
* = Significant at the 5 per cent level. 
** = Significant at the 1 per cent level. 
* = Inconclusive at the 5 per cent level. 
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proportion of feeder cattle to locally bred cattle in the 
region is the availability of feed grains. When feed grain 
prices have fallen there appears to have been a cut back on 
the size of breeding herds. The largest response takes place 
with respect to the feed grain to slaughter cattle price ratio 
lagged 2 years, Xg. The range of elasticity estimates of 
X]_g with respect to this variable is quite large, from .3 to 
1.5 in the non-first differences equations and from .1 to 
1.0 in the first differences equations. Estimates from the 
more adequate equations (judged from the R2 and d1 statis­
tics) cluster between .4 and .8. With few exceptions, these 
coefficients are larger than their standard errors. Coeffi­
cients of X-j_ and Xg, though positive, are generally smaller 
than those of Xg. Elasticity estimates of X^g with respect 
to X^ range up to .6, while with 1 erratic exception (in 
equation 110) elasticity estimates with respect to Xg range 
between .1 and .7, This lag distribution of effects of the 
change in the feed grain to slaughter cattle price ratio 
reflects the fact that while some baby beef comes from cows 
bred 1 year previously most cattle slaughtered during the 
current year were calves of cows bred 2 years previously, 
while feed grain availability in years prior to this also 
has an Influence on bred cattle currently slaughtered through 
effects on the size of the breeding herd. 
Effects of hay prices relative to the price of slaughter 
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cattle are indicated in the coefficients of X4, Xg, and Xg. 
Of these, only the effect of the hay to slaughter cattle 
price ratio lagged 2 years, Xg, is of any consistent account. 
Hay price reflects both pasture conditions during the summer . 
and hay availability during the following winter. As would 
be expected, the coefficients of Xg are markedly negative 
indicating that summer pasture conditions and the likely hay 
supply next winter enter into farmersf plans for breeding 
cattle. 
Hog production was seen to be competitive with a cattle 
feeding operation in the short-run. No such competition 
appears to exist between hogs and cattle breeding, however, 
Feed resources required for hogs and the breeding herd are 
quite different, while current hog production must fit in 
with bred calves already on hand. Coefficients of variables 
Xiy, Xg, and Xg are generally small in relation to their 
standard errors and have irregular signs. Dairy cows, 
however, do compete with breeding herds for feed resources. 
Effects of a changing milk to slaughter cattle price struc­
ture are estimated by the coefficients of variables X^g 
through Xjg. Coefficients of X^g, the milk to slaughter 
cattle price ratio lagged 1 year, are strongly positive. 
This may be a chance outcome, or it may indicate that a 
favorable milk price causes some farmers to cut down on the 
size of their beef breeding herd by putting them on feed. 
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Coefficients of the same variable lagged 2 and 3 years, X14 
and are quite irregular from equation to equation. 
There appears to be a marked competitive relationship between 
beef and dairy cattle in the long-run, however. Coefficients 
of the 5-year moving average milk to slaughter cattle price 
ratio lagged 1 year, X16, are consistently negative. The 
range of elasticity estimates of X^g with respect to X^g is 
quite large, however, and the making of strong inferences 
about the size of this competitive effect is not warranted 
from the length of the series available. 
A strictly cattle feeding operation is a major alterna­
tive to the breeding and rearing of calves in the Corn Belt. 
Generally negative coefficients of variables X^Q, X^, and 
X^g indicate this fact. In this case, also, the elasticity 
estimates of response of X^g to changes in these variables 
cover a very wide range. The relatively large elasticities, 
however, do indicate that Corn Belt farmers are quite sensi­
tive to prices of western feeder cattle in making their plans 
for breeding cattle within the region. 
Cattle bred and fed in the South Atlantic and South Central 
regions 
With the diversification of agriculture in the Cotton 
Belt states east of Oklahoma and Texas, the establishment 
of permanent pasture, and the control of disease, cattle 
raising has assumed considerable Importance in the 
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agriculture of these regions. Between 1930 and 1958 the 
centered 3-year average of pasture and forage crops harvested 
for hay in the region has doubled from 7 million to 14 
million tons. Cattle are well able to utilize this forage 
and some may even be fattened for market on grass. Cattle 
are fed feed grains grown in the region, however, and some 
supplementary feed grains are imported from the Corn Belt 
states. The major competitors for feed grains in the region 
are hogs, while dairy cattle compete for pasture and forage 
crops. Variables used in this analysis are: 
X^ Feed grain to slaughter cattle price ratio, year 
t-1. Average seasonal price ($) per 1000 pounds 
of TDM from feed grains fed to beef cattle/ average 
price ($) per 100 pounds of slaughtered cattle in 
14 southeastern and southern states, year t-1. 
Xg Feed grain to slaughter cattle price ratio, year 
t-2. Xg is X^ lagged 1 year. 
Xg Feed grain to slaughter cattle price ratio, year 
t-3. Xg is X^ lagged 2 years. 
X4 Hay to slaughter cattle price ratio, year t-1. 
Average seasonal price ($) per ton of hay received 
by farmers in 14 southeastern and southern states / 
average price ($) per 100 pounds of slaughtered 
cattle in the same states, year t-1. 
X5 Hay to slaughter cattle price ratio, year t-2. 
X5 is X4 lagged 1 year. 
Xg Hay to slaughter cattle price ratio, year t-3. 
Xg is X4 lagged 2 years. 
Xy Hog to slaughter cattle price ratio, year t-1. 
Average price ($) per 100 pounds of hogs received 
by farmers in 14 southeastern and southern states/ 
average price ($>) per 100 pounds of slaughtered 
cattle in the same states, year t-1. 
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Xg Hog to slaughter cattle price ratio, year t-2. 
Xg is Xrf lagged 1 year. 
Xg Hog to slaughter cattle price ratio, year t-3. 
Xg is Xy lagged 2 years. 
X^q Milk to slaughter cattle price ratio, year t-1. 
Average price ($) per 100 pounds of milk delivered 
to plants in 14 southeastern and southern states / 
average price ($) per 100 pounds of slaughtered 
cattle in the same states, year t-1. 
Xn Milk to slaughter cattle price ratio, year t-2. 
X11 is X10 lagged 1 year. 
X]_£ Milk to slaughter cattle price ratio, year t-5. 
X%g is X10 lagged 2 years. 
X12 5-year moving average milk to slaughter price 
ratio, year t-1. 5-year moving average of the 
average price ($) per 100 pounds of milk delivered 
to plants in 14 southeastern and southern states / 
average price ($) per 100 pounds of slaughtered 
cattle in the same states, year t-1. 
X14 Time. 1944 = 1, to 1960 = 17. 
X-j^g Number (thousands) of cattle commercially slaugh­
tered from cattle bred and stocked in 14 south­
eastern and southern states (Delaware, Maryland, 
Virginia, West Virginia, North Carolina, South 
Carolina, Georgia, Florida, Kentucky, Tennessee, 
Alabama, Mississippi, Arkansas, and Louisiana), 
year t. Total number of cattle commercially 
slaughtered in the 14 states less the number of 
cows and heifers eliminated from dairy herds 
during the year. 
xi = log X1# 
^it = Xit " Xit-le 
ZXxit = xit " xit-l" 
The number of non-dairy cattle slaughtered in the 14 
southern and southeastern states is estimated in equations 
151 through 170. Variables used in these estimates, with 
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the exception of feeder and stocker to slaughter steer price 
ratios, parallel those of equations 99 through 150. Equa­
tions are estimated in original values, logarithms, first 
differences, and first differences of logarithms in Tables 
35, 36, 37, and 38, respectively. Relevant statistics for 
these equations are summarized in Table 39. 
Data for the commercial slaughter of beef cattle in 
these states are not available prior to 1944. The short 
nature of the series available together with the generally 
large number of regressor variables necessary to achieve 
adequate coefficients of multiple determination make it 
impossible to draw strong inferences from the equations of 
these analyses. Non-first differences equations have 
generally adequate values, but as a comparison of the F 
ratios indicates, most explanation of year to year change is 
accounted for by time trend. All equations indicate that 
since 1944 there has been a rapid expansion of beef breeding 
in these states which has been independent of price move­
ments . Logarithmic equations indicate that the compound 
rate of this expansion has been in excess of 9 per cent per 
year. 
As in the analysis of cattle bred and fed in the 
Corn Belt states, coefficients of the feed grain to slaughter 
cattle price ratios, X]_, Xg, and Xg, are positive, though in 
general they are smaller than their standard errors. 
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Table 35# Cattle slaughtered from bred and stocked cattle in l4 southeastern and southern states 
with their standard errors in parenthesis. Data used are original values of observât!; 
Equation 
number Constant 
*L *2 =3 *4 =5 =6 %7 =8 



































































139 842.19 1.105.98 
(400.01) 










stern and southern states (X15), ig44 to i960: showing regression coefficients 
ginal values of observations. 




























































Table 36. Cattle slaughtered, from "bred and stocked cattle In l4 southeastc 
regression coefficients with their standard errors in parenthesl 
except for time, 
Equation 
number Constant =1 
*2 *3 % =5 =6 =7 


















144 1.6417 .4673 
(.441) 
.6870 
(.480) <:@ .2226 (.543) 
-.4i4} 
(.462) 
































150 1.7483 1.5423 
(.387) 
at tie In 14 southeast em and southern states (x^ç), 1944 to i960: shoving 
i errors In parenthesis. Data used are logarithm# of observations. 




























































































Table 37» Cattle slaughtered from bred and stocked eattle In l4 southeastern and souther 
coefficients with their standard errors in parenthesis* Data used are first d 
Equation 
number Constant A Xg £> Xj Xg A*6 ^ Xy 


















































158 74.21 -423.51 
(254.81) 










item and southern states ( AX-^), ig44 to I960: showing regression 
used are first differences of original values. 































































Cattle slaughtered from bred and stocked cattle in l4 southeastern and s 
showing regression coefficients with their standard errors in parenthesi 
logarithms. 



































































ed cattle in l4 southeastern and southern states ( Ax^g), 1944 to i960: 
heir standard errors in parenthesis» Data ueed are first differences of 
ax5 nx6 **7 **9 AX10 a=ii Ax12 Ax13 

































































Table 39. Summary of statistical tests for equations 





R2& a'* Fc 
131 .892 2 .38+d 4.20-"-d 151 .631 2.79*d 1.50 N.S. 
132 .863 1.70* 3.12 N.S. 152 .614 1.98* 1.39 N.S. 
133 .890 2.33 4 5 .32* 153 .490 2.25* 1.10 N.S. 
134 .723 1.644: 1.43 M.S. 154 .271 1.94 * .42 N.S. 
135 .739 1.954 2.08 N.S. 155 .100 2.03* .17 N.S. 
136 .841 1.81* 5.86**d 156 .491 2.62* 1.93 N.S. 
137 .703 1.75* 3.03 N.S. 157 .086 1.94* .26 N.S. 
138 .849 1.96 MS. 20.43** 158 .578 2.71* 8.904 
139 .641 .94 * 2.96 N.S. 159 .162 1.52* .77 N.S. 
140 .889 2.32* 9.24** 160 .427 1.96 N. S.2.97 N.S. 
141 .687 1.65 + 6.4 6* 161 .608 2 .60 * 1.36 N.S. 
142 .923 1.75 * 6 .32* 162 .539 2.02 f 1.02 M.S. 
143 .897 1.99* 4.48* 163 .571 2.16* 1.52 N.S. 
144 .888 2.39* 5.30* 164 .239 1.99* .36 M.S. 
145 .787 1.99* 2.25 N.S. 165 .126 2.36 f .22 N.S. 
146 .814 2.41* 3.59* 166 .380 2.36* 1.22 N.S. 
147 .918 3.08 + 13.42** 167 .115 1.95* .36 N.S. 
148 .865 2.09* 7.35** 168 .441 1.65* 2.17 M.S. 
149 .860 2.19* 9.68** 169 .509 1.90 + 6.734 
150 .756 1.97 N. S. 6 .36** 170 .366 2.12* 8.07-:c-
^Coefficient of multiple determination. 
^Durbin-Wat s on autocorrelation statistic. 
CF value for the contribution of the price-cost varia­
bles in the battery of all regressor variables. 
^N.S. = Mot significant, P > .05. 
* = Significant at the 5 per cent level. 
-:;-* = Significant at the 1 per cent level. 
4 = Inconclusive at the 5 per cent level. 
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Again the largest response takes place with respect to Xg. 
Yet unlike the Corn Belt there is little scope for the prof­
itable feeding of cattle bought outside the region. In view 
of the small size of the coefficients of these variables in 
relation to their standard errors, relative movements in the 
prices of feed grain and slaughter cattle do not appear to 
have had any major influence on the production of beef cattle 
in these states. Likewise the coefficients of the,hay to 
slaughter cattle price ratios, X4, X5, and X6, are unexpec­
tedly positive, but are extremely unstable between equations, 
and do not permit any adequate inferences to be drawn from 
them regarding the effects of these variables. 
Again, as in the analysis of cattle bred and fed in 
the Corn Belt states, no competitive relationship appears 
to exist between hogs and breeding cattle in the South 
Atlantic and South Central states. Coefficients of Xy, Xg, 
and Xg are quite unstable from equation to equation. Dairy 
cows do compete with beef cattle for resources, however. 
The nature of these competitive effects are estimated in 
the coefficients of variables X^g through X^g. As in the 
comparable analyses for the Corn Belt states, coefficients 
for the milk to slaughter cattle price ratio lagged 1 year 
are strongly positive, indicating that as milk prices change 
the culling rate of cattle from the beef breeding herd 
changes in the same direction, but there is a general lag 
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between the times when culling decisions are made and cattle 
are slaughtered, due to the economies which can "be obtained 
by feeding cull cattle prior to slaughter. Coefficients of 
the same variable lagged a further 1 or 2 years, X-^ and X^g, 
have coefficients which are consistently negative, though 
the values of these coefficients are extremely variable. 
Again there appears to be a marked competitive relationship 
between beef and dairy cattle in the long-run. Coefficients 
of the lagged 5-year moving average milk to slaughter cattle 
price ratio, are all negative. Elasticity estimates 
with respect to this variable vary considerably, from -.7 to 
-1.9, but they are generally in excess of -1. This reflects 
the similar resource structure requirements for beef and 
dairy herds and also the long period over which resources 
are normally committed. 
Summary 
The resource structures required for the raising of 
beef cattle in the Corn Belt and the South Atlantic and 
South Central states are very similar, but a greater number 
of production alternatives are available in the former 
region. Yet technological changes have been making cattle 
breeding more feasible in the southern and southeastern 
states, and a positive non-price trend has been very evident 
in this region, while there is little evidence for a 
systematic trend in the Corn Belt states. 
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Beef cattle feeding and dairying appear to be markedly 
competitive in both regions. Coefficients of the milk to 
beef price ratios lagged 1 year are strongly positive in both 
regions, while the coefficients of the lagged 5-year moving 
averages of the same variables are markedly negative. No 
other livestock activities appear to be competitive with 
beef cattle breeding in the South Atlantic and South Central 
regions. In the Corn Belt, farmers appear to be quite 
sensitive to prices of western feeder cattle when making 
their plans for breeding cattle. A rising price of feed 
grains relative to the price of slaughter cattle has also 
been associated with a greater number of locally bred cattle 
in the Corn Belt, while a rising relative price of hay has 
been associated with a smaller number of bred cattle. Hog 
prices have had no detectable influence on Corn Belt beef 
cattle breeding. 
Beef and Veal Supply from Dairy Herds 
Dairy cattle, compose a large proportion of the total 
cattle population. During the war and pre-war years more 
than half of the January 1 inventory of cattle and calves 
on farms were in dairy herds. Since the war this proportion 
has declined, but was still greater than a third in 1959. 
Although these cattle are kept primarily for the production 
of milk, since 1945 between 20 and 35 per cent of cattle 
annually slaughtered have come from dairy herds, and the 
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previous analysis of milk supply suggests that the number 
of cattle slaughtered from this source is influenced by 
short-run variation in the price of slaughter cattle relative 
to milk and by long-run variation in the price of hogs 
relative to milk. 
In addition to cull dairy cattle which are sold for low 
priced poorer quality meat cuts, dairy herds also supply 
most of the calves annually slaughtered for veal and beef. 
Calves are somewhat arbitrarily classified as animals of 
less than 500 pounds live weight, though the average weight 
of these animals has been slightly in excess of 200 pounds, 
indicating the large proportion of light weight vealers in 
this group. 
The number of culled dairy cattle annually slaughtered 
will depend on the present number of dairy cows and decisions 
made for future milk production. Similarly, the number of 
calves slaughtered will depend on the number of dairy cows 
recently bred and cow replacement decisions. Factors 
accounting for variations in the slaughter of culled dairy 
cattle and calves are therefore akin to those which account 
for variations in annual milk production. 
Cows and heifers eliminated from milk herds 
Data are not directly available for the commercial 
slaughter of dairy cattle, though January 1 inventory 
figures are reported for various classes of dairy cattle 
187 
on farms. Prom these figure s the number of dairy cows and 
heifers eliminated during the year can be obtained. This 
number includes animals culled, farm slaughter, and death 
losses. It is possible that the relationship between these 
components may alter with prices, but in the present study 
the total elimination of cows and heifers during the year 
is taken to represent the supply of cattle for slaughter 
from dairy herds. 
Variables used in this analysis are: 
X]_ Beef cattle to milk price ratio, year t. Average 
price ($) per 100 pounds of beef cattle received 
by farmers / average price ($) per 100 pounds of 
milk delivered to plants and dealers. 
Xg Beef cattle to milk price ratio, year t-1. X-^ is 
Xg lagged 1 year. 
X Cattle feeding margin to milk price ratio, year t. 
Average price ($) per 100 pounds of choice slaughter 
steers, Chicago, less average cost ($) per 100 
pounds of stocker and feeder steers, Kansas City/ 
average price ($>) per 100 pounds of milk delivered 
to plants and dealers. 
X4 Cattle feeding margin to milk price ratio, year 
t-1. X4 is Xg lagged 1 year. 
X- Peed grain to milk price ratio, year t. Average 
seasonal price ($>) per 1000 pounds of TDN from 
feed grains fed to dairy cattle/ average price 
($) per 100 pounds of milk delivered to plants 
and dealers. 
Xg Feed grain to milk price ratio, year t-1. Xg is 
X5 lagged 1 year. 
Xy Hay to milk price ratio, year t. Average seasonal 
price ($) per ton of hay received by farmers / 
average price ($) per 100 pounds of milk delivered 
to plants and dealers. 
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Xg 5-year moving average hog to milk price ratio, year 
t. 5-year average of the average price ($) per 100 
pounds of hogs received by farmers / average price 
($>) per 100 pounds of milk delivered to plants 
and dealers. 
Xg Time. 1955 = 1, to 1959 = 25. 
X^Q Number (thousands) of cows and heifers eliminated 
from dairy herds, year t. 
XjL = log Xi# 
AXit = xit - xit-le 
^xit = xit - *it-l* 
Variables used in these analyses closely parallel those 
used to account for variation in the number of milk cows on 
farms. The effects of beef prices on culling decisions are 
accounted for by coefficients of variables X^ through X4. 
Variables X^ and Xg are taken to parallel the disposal price 
for culled dairy cows relative to milk in the current and 
immediate past year, respectively. They may also reflect 
the price competition from breeding and rearing cattle. The 
cattle feeding margin relative to the price of milk in the 
current and past years, X5 and X4, reflect the relative 
profitability to farmers in the Corn Belt states of staying 
in milk production or moving into cattle feeding. Variable 
Xg, the 5-year moving average hog to milk price ratio, is 
introduced following the important role which the same 
variable, lagged 1 year, was seen to have in accounting for 
annual variation in the number of milking cows on farms. 
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Peed prices relative to the price of milk are introduced 
as variables Xg, Xg, and Xy. Variables Xg and Xg are the 
feed grain to milk price ratios in the current and immediate 
past years, respectively. The same variables, lagged 1 and 
2 years, were seen to be consistently associated with the 
number of milking cows on farms. On the basis of these 
previous analyses, the hay to milk price ratio in the current 
year, Xy, is also considered. 
The analysis closely follows that of the number of milk 
cows on farms. Estimates are summarized as equations 171 
through 185 in Table 40. This table includes equations based 
on original data and their first differences, logarithms, 
and first differences of logarithms. Relevant statistics 
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of these equations are summarized in Table 41. The R6 values 
are slightly higher for the logarithmic and first differences 
of logarithms formulations than their non-logarithmic coun­
terparts. Non-first differences equations 171 through 177 
have slightly larger R^ values than do first differences 
equations 178 through 185, though the price variables of 
the latter equations make a more significant contribution 
in accounting for variation in X^Q than is the case for 
the former group. Values for the Durbin-Watson d* statistics 
are not critical. All equations are considered in the draw­
ing of inferences about the role of specific variables. 
Since 1935 there has been a significant decline in 
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Table 4o. Somber of cows and heifers eliminated from dairy herds (Z^Q ), 1935 to 1959? 
coefficients with their standard errors in parenthesis. 
Equation a 
number 
a a a a a 
Constant Xg Xj Xj^ Xg ]!g 
171 542.74 218,89 -517.15 141.56 252.84 
(166.30) (156.37) (76.43) (56.28) 
172 51.25 -483.61 214.22 148.82 339.74 
(343.89) (290.84) (97.71) (87.62) 
173 1.309.42 -393.45 198.57 309.49 
(290.29) (71.41) (76.93) 
174 2.9944 .1865 -.4228 .1897 .3658 
(.118) (.111) (.115) (.079) 
175 2.9376 -.0993 .0554 .1955 .5039 
(.063) (.057) (.152) (.122) 
176 3.1432 .2128 - .4233 .1855 .3636 
(.111) (.109) (.113) (.078) 
177 3.0574 -.0685 .2487 .4641 
(.052) (.101) (.108) 
178 90.52 262.35 -477.00 123.16 212.62 
(180.20) (175.89) (72.68) (56.54) 
179 91.60 163.34 305.33 179.86 279.43 
(296.72) (266.82) (80.49) (69.40) 
ISO 96.23 278.28 -491.81 146.49 200.85 
(148.55) (144.12) (56.05) (50.59) 
181 81.28 229.19 188.08 285.66 
(228.29) (64.62) (62.42) 
182 .0073 .1494 -.3368 .1726 .3351 
(.113) (.108) (.099) (.074) 
^Variables are variously transformed in equations 171 through I85. They are X% ii 
(except for Xg) in equations 1?4 through 177. in equations 178 through 181, and ^ 
ated from dairy herds (X10 ), 1935 to 1959? showing regression 
errors in parenthesis. 





















































































































n equations 171 through 185* They are in equations 171 through 173, *i 
7, in equations 178 through 181, and in equations 182 through 185. 
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Table 4o. (Contlsaed) 
Equation 
number Constant =1 =2 
*3 h  






















































Table 41.  Summary of s tat ist ical  tests  for equations 
171 through 185. 
Squat ion P &  
a'1 number R pc 
171 .761 1.28*d  7.58**d  
172 .630 1.30* 3.89*d 
173 .610 1.30* 8 .34-"--"-
174 .796 1.15* 9.07** 
175 .656 1.25+ 4 .22** 
176 .790 1.21* 11.03-"--" 
177 .  635 1.17* 8.94** 
178 .667 2.08* 5.68** 
179 .556 2.05* 3.55* 
180 .651 1.93 N.S. 8.87** 
181 .546 2.12 N.S. 5.70** 
182 .729 2.10* 7.63** 
183 .599 2.04* 4.22** 
184 .704 1.96 N.S. 11.31** 
185 .596 2.03 N.S. 7.02** 
^Coefficient  of multiple determination.  
"^Durbin-W at  s  o n autocorrelation stat ist ic .  
CF value for the contribution of the price-cost  varia­
bles to the battery of al l  regressor variables.  
dN.S. = Not s ignificant,  P >.05.  
* = Significant at  the 5 per.  cent level .  
= Significant at  the 1 per cent level .  
*  = Inconclusive at  the 5 per cent level .  
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milk cow numbers. All equations indicate that, price 
variables remaining constant, the rate of decline has in­
creased slightly but significantly over time. Logarithmic 
equations estimate that the compound rate of expansion of 
cow and heifer elimination over the period has been 1»5 per 
cent. Coefficients of the feed grain to milk price ratios, 
Xg and Xg, are consistently positive as a priori reasoning 
would suggest, and in every case they are greater than their 
respective standard errors. Contrary to expectations, how­
ever, the coefficients of Xg are consistently larger than 
those of Xg. Estimates of the elasticity of response with 
respect to Xg range from .17 to .25, while estimates with 
respect to Xg range from .30 to .52. Most cattle are culled 
when cows are dried off in late summer and fall. These 
coefficients suggest, however, that most decisions about 
culling made on the basis of the price of milk relative to 
the price of feed are made a year prior to culling when it 
is decided whether or not a cow should be bred. 
Positive coefficients are also associated with the hay 
to milk price ratio, variable Xy. These coefficients are 
much weaker than those of X,_ and Xg, however. A priori 
reasoning also suggests that these coefficients should be 
positive, but this result conflicts with findings from the 
analysis of milk cow numbers on farms where increases in 
the hay to milk price ratio were found to be consistently 
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associated with an increased number of milk cows on farms 
in the following year. The coefficients are generally so 
small in relation to their standard errors, however, that 
they provide scant evidence that farmers cull their herds 
in the light of hay prices or pasture conditions. 
Coefficients of variables X]L and X. have the signs and 
are of the order which the previous analysis of milk cow 
numbers suggested. Coefficients of X^ are positive. Coeffi­
cients of Xg are large and negative. All are considerably 
greater than their standard errors. Estimates of the elas­
ticity of response with respect to X^ range from .15 to 
.19, while estimates with respect to Xg are from -.34 to 
-.42. Conclusions drawn from the analysis of milk cow 
numbers also seem apropos in this situation. A high dis­
posal price for cattle relative to the price of milk may 
increase the rate of culling older milk cows. In the follow­
ing year fewer cows are culled due to the smaller number of 
older cows in herds. This explanation, however, does not 
account for the larger elasticity with respect to Xg than 
X^. Equations incorporating the cattle feeding margin to 
milk price ratios, Xg and X^, in all cases have lower 
values than is the case for equations incorporating X^ and 
Xg. Coefficients of variables Xg are negative in the non-
first differences equations, but positive and generally 
small in relation to their standard errors in first 
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differences equations. Coefficients of X^ are positive, and 
generally of about the same order as their standard errors. 
It thus appears that a favorable premium can fed cattle may 
shift marginal calves out of dairy herds rather than culled 
cows, with a consequent decline in the number of older milk 
cows culled in the current year, and a subsequent increase 
in the following year as the average age of cows in herds 
increases. 
The analysis of milk cow numbers provided evidence for 
a secular competitive relationship between hogs and milk 
cows. In the present analysis coefficients of the variable 
Xg are all positive. These coefficients are generally small 
in relation to their standard errors, though estimates of 
the elasticity of response with respect to this variable 
range from 0 to .7. Estimates from first differences 
equations 178 through 185 are in the higher portion of this 
range. The secular competitive relationship between hogs 
and milk cows is thus again detected in the analysis of cows 
and heifers eliminated from dairy cows, though the estimates 
of this relationship are not as consistent as was the case 
in the analysis of milk cow numbers on farms. 
Slaughtered calves 
The greatest proportion of calves commercially 
slaughtered come from dairy herds. Most are sold as vealers 
at weaning, weighing around 140 to 160 pounds. Others 
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are culled at somewhat heavier weights prior to heifer 
breeding. A small number come from beef herds where calves 
are grass fed for some months prior to slaughter. In this 
section annual commercial calf slaughter is analyzed in terms 
of variables considered important in decision making in the 
dairy industry. 
Commercial calf slaughter is here analyzed on the 
assumption that this variable is determined by decisions 
made prior to the current year. This is clearly appropriate 
when considering the supply of calves in dairy herds availa­
ble for slaughter, if only because of the 9 month gestation 
period for cattle. Once calves are on hand, a current 
decision must be made as to whether heifer calves will be 
retained for the milk herd or sold for slaughter. In this 
section these decisions, insofar as they are made on the 
basis of price variables, are considered to be made on the 
basis of past prices. Regressor variables selected to 
account for the annual commercial slaughter of calves are 
therefore those previously used to account for variations 
in annual milk production. They are defined in Chapter IV. 
In addition the regressand, X^y, is defined as: 
X^Y Total weight (million pounds) of commercially-
slaughtered calves, year t. 
In like manner to the analysis of cows and heifers 
eliminated from dairy herds, this analysis closely parallels 
that of the number of milk cows on farms. Estimates are 
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summarized as equations 186 through 193 in Table 42. Data 
used in these equations are variously transformed. There is 
very little difference in the R^, d', and F statistics for 
the logarithmic and non-logarithmic functional forms. The 
values are much greater in the non-first differences 
equations 186 through 189 due to a strong positive time 
trend over the period. Apart from the effects of price 
movements, commercial calf slaughter appears to have in­
creased at an annual compound rate of 1.3 per cent over the 
period. The price variables fail to give a very adequate 
account of variation in X-^ after the time trend effects 
have been accounted for. Variables Xg and Xg, the cattle 
feeding margin to milk price ratios for years t-1 and t-2 
were also incorporated into the batteries of regressor 
variables in place of the equivalent slaughter cattle to 
milk price ratios, X10 and Xn. Coefficients of these 
variables were in all cases quite small in relation to 
their standard errors, and R^ values of these equations 
were depressed considerably. 
Coefficients of the feed grain to milk price ratios, 
Xg and Xg, are positive and generally as large or larger 
than their respective standard errors. The analyses' of 
milk cow numbers on farms and the elimination of cows and 
heifers from herds both indicate that fewer cows are bred 
as these price variables increase, but the positive 
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Table 42. Total liveveight of commercially slaughtered calves (X^ya), 1935 t 
with their standard errors in parenthesis. 
Equation 
number Constant *2B x3* *5° *10* xiï 




































































^Variables are variously transformed in equations 186 through 193- They 
for in equations 188 and 189 • in equations 190 and 191, and Û. in 
^Coefficient of multiple determination. 
cDurbin-Watson d* statistic. 
4? value for the contribution of the price-cost variables in the battery 
Not significant, P >.05* 
Significant at the 5 per cent level. 
Significant at the 1 per cent level. 
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[nations 186 through 193. They are in equations 186 and 187» (except 
itions 190 and 191, and -Ûx^ in equations 192 and 193. 





coefficients in the current analysis also indicate that in 
response to increases in these variables a smaller proportion 
of the calf crop is kept for the milk herd. Estimates of 
the elasticity of response of X^y with respect to Xg and Xg 
range from .14 to .27 and .16 to .47 respectively. Elas­
ticity estimates are somewhat higher for Xg than Xg in non-
first differences equations but are of roughly the same 
order in first differences equations. In no equation does 
the hay to milk price ratio lagged 1 year, Xg, make any 
appreciable contribution in accounting for variation in X^y. 
Coefficients of the beef cattle to milk price ratios, 
X^Q and X^i, are all considerably greater than their standard 
errors. The signs of the coefficients are consistent with 
the previous analyses of milk cow numbers on farms and the 
elimination of cows and heifers from herds. Coefficients 
of XJQ are strongly negative. Estimates of the elasticity 
of response of X-^ with respect to X-^Q range from -.7 to 
-1.0. A high disposal price was previously seen to increase 
the rate of culling of older milk cows in the current year• 
This results in a smaller number of calves in the year 
following, and a smaller proportion of calves sold as 
farmers plan to replace their milking herd. Coefficients 
of X^ are strongly positive. Estimates of the elasticity 
of response of X^ with respect to X-j_]_ range from .3 to .7. 
In a year following heavy culling, fewer cows are culled 
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due to the smaller number of older cows In herds. Thus a 
greater number of calves are available In the following year, 
and a larger proportion of calves are sold for slaughter 
due to the already younger average age of cows. 
Evidence for the existence of a secular competitive 
relationship between hogs and milk cows was seen in the 
earlier analysis of milk cow numbers on farms. Changes in 
the 5-year moving average of the hog to milk price ratio 
were seen probably to elicit a response in the culling rate. 
Coefficients of X^g are positive and much greater than their 
standard errors in equations 186 through 189, though the 
extent of the response to annual changes in this 5-year 
moving average seem somewhat excessive. On the other hand 
the coefficients of X^g, though still positive, are quite 
low in first differences equations 190 and 192. All that 
can possibly be concluded from these figures Is that 
changes in the long-run relationship between hog and milk 
prices elicits some response in calf slaughter, presumably 
between the wide limits set by the coefficients of these 
equations. Since an increase in the 5-year moving average 
of the hog to milk price ratio is associated with both an 
Increase in the number of milk cows and heifers culled in 
the current year and the number of calves slaughtered in 
following year, the latter response presumably follows from 
an increase in the rate of calf slaughter rather than an 
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increase in the number of calves available. 
Summary 
The analyses of the number of milk cows on farms, the 
elimination of cows and heifers from milk herds, and the 
number of calves slaughtered indicate that although the price 
variables selected inadequately account for annual variation 
in these commodities, a certain consistency of price effect 
is apparent. Farmers have responded to the price or availa­
bility of feed grain relative to milk. Most culling deci­
sions made with respect to the feed grain to milk price ratio 
appear to be made a year prior to the time when cows are 
culled. Increases in the price of feed grains relative to 
the price of milk also appears to increase the rate of calf 
slaughter. There is some evidence for a short-run competi­
tive relationship between keeping cows for milk production 
or disposal for beef. An increase in the price of beef 
relative to the price of milk also appears initially to 
decrease the rate of calf slaughter as farmers plan to 
replace culled cows, but in the following period the rate 
Increases as herd size is increased. This evidence closely 
parallels that previously found in the analysis of milk cow 
numbers on farms. There is also some evidence that culling 
and replacement decisions are affected by the long-run 
relationship between the prices of hogs and milk, though 
such evidence is not strong. All equations indicate strong 
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posit ive trends in the numbers of cows and heifers and calves 
el iminated from dairy herds each year which are independent 
of the price variables used in this study. 
Conclus ions 
The nation's  supplies of beef come from sources charac­
terized by many different production activit ies.  The overall  
production of beef has grown since 1935. The commercial  
s laughter of catt le has expanded at  an annual average rate of 
2.5 per cent of the mean for the period,  though the sector 
has been characterized by a cyclical  production pattern,  and 
the component sources of beef supply which have been studied 
in this chapter have exhibited widely different structures 
of response to price variat ion.  A general  expansion of 
catt le production has occurred in both the western range and 
mountain s tates and southern and southeastern states regions.  
The supply response est imators for these regions have shifted 
at  estimated annual average compound rates of 5 and 9 per 
cent respectively.  In the Com Belt  s tates shifts  have been 
away from catt le breeding into catt le feeding.  The supply 
estimators for locally fed catt le in the Corn Belt  s tates 
have exhibited a weak negative shift  est imated at  the annual 
average compound rate of -1.3 per cent,  while the demand for 
feeders and stockers in these states has expanded at  a 
comparable rate with the supply of s tockers and feeders 
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from the western states. Although the average number of 
dairy cows on farms has been slowly declining, the number of 
cows and heifers culled and the number of calves slaughtered 
have been well maintained, though they have also fluctuated 
with the general cattle cycle. 
For purposes of prediction from known realized prices, 
it is desirable to select estimation equations which incor­
porate relatively few regressor variables. Yet for the 
supply of cattle from western and mountain states, major 
decisions about whether to sell or not to sell appear to be 
made in the light of current range conditions and possibly 
current prices of cattle. Equation 47, incorporating the 
lagged 5-year moving average of the average condition of the 
range and current stocker and feeder deflated price variables, 
appears to be the most adequate estimator of annual variation 
in the number of cattle marketed from the range and mountain 
states. Equation 98, incorporating slaughter steer to 
feeder and stocker steer, and feed grain and hog to slaughter 
steer price ratios, appears to be the most adequate estimator 
of variation in the annual demand for feeder and stocker 
cattle in 7 Corn Belt states. Again, current price variables 
appear to be indispensable for adequate prediction of this 
source of supply. Equations 119 and 138, incorporating 
regressor variables which are completely predetermined, 
provide best estimates for the slaughter of locally bred and 
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fed cattle in the Corn Belt and South Atlantic and South 
Central states respectively, "but coefficients of equations 
in these batteries are very unstable. Equation 184, account­
ing for variation in the number of cows and heifers eliminated 
in terms of current and lagged values of the beef cattle and 
feed grain to milk price ratios, has best accounted for 
annual changes in the level of culling, while equation 187, 
though incorporating 6 predetermined regressor variables, 
appears to be the most adequate predictor of commercial 
calf slaughter• 
The nature of price responses to price movements vary 
considerably between the components of supply. Estimates 
suggest that apart from the general expansion of cattle 
breeding in the region, in the western states the numbers of 
cattle available for sale are largely determined by long-run 
range conditions whereas the numbers actually sold are 
determined by current range conditions and possibly cattle 
pricese Increases of current cattle sales are associated 
with both poorer range conditions and lower current cattle 
prices. The latter response may indicate that ranchers 
extrapolate current trends in forming their price expecta­
tions (as the self-generating theory of the cattle cycle 
suggests) or simply that current prices are determined by 
sales rather than determining sales. In the Corn Belt states 
the wide diversity of production alternatives makes farmers 
very sensitive to relative price variations in formulating 
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production plans. A 10 per cent increase in the price of 
hogs relative to the price of choice slaughter steers during 
the months when most cattle are purchased "brings about a 
2 per cent decline in the quantity of feeder and stocker 
cattle purchased. Similarly a sustained 10 per cent increase 
in the price of feed grains relative to the price of choice 
slaughter steers appears to elicit a 5 per cent decline in 
the annual demand for feeders and stockers over 2 years, 
most of the response coming in the current year. The number 
of beef cattle bred in the Corn Belt and South Atlantic and 
South Central regions appear to be quite sensitive to changes 
in the long-run price of milk relative to the price of beef 
cattle. Elasticity estimates with respect to the lagged 5-
year moving average of this ratio for both regions are 
generally in excess of -1, but the estimators do not permit 
any firm inferences to be made about the extent of these 
effects. Conclusions with respect to the elimination of 
cows and heifers from dairy herds and the commercial slaugh­
ter of calves are similar to those made with respect to 
the dairy sector. Price responses are not strong, but are 
consistent between these analyses, with the possible 
exception of the apparent effect of hay prices. In the 
analysis of total milk cow numbers rising lagged relative 
hay prices were associated with a larger average number of 
milk cows on farms (possibly as a result of the effect of 
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cow numbers on the price of hay and. the high serial correla­
tion for annual cow numbers). This apparent absurdity is 
partly resolved in the analysis of cows and heifers culled, 
where coefficients of the lagged hay to milk price ratio are 
weakly positive. They provide little evidence that farmers 
cull their dairy herds on the basis of hay prices or pasture 
conditions, however. 
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CHAPTER VI: SUPPLY RELATIONSHIPS IN HOG- PRODUCTION 
In the post-war era, hog production in the United States 
has accounted for from a fifth to a fourth of the value of 
all livestock production. Hogs, however, are disproportion­
ately important as grain consumers. In 1958 hogs consumed 
25 pounds of grain per dollar of production compared to 14 
pounds by poultry, the next most important livestock group. 
Hence hog production is concentrated in areas where feed 
grains are abundant and cheap, notably the Corn Belt. Some 
3 fourths of the hogs annually produced come from the 
North Central Region. 
Hog production has been notoriously unstable from year 
to year. Since 1935 the coefficient of variation of annual 
production has been 16 per cent. Shepherd (79) has associ­
ated the pre-war variability with annual corn production. 
Since the war feed grain storage programs have had a stabi­
lizing influence on hog production. Dean and Heady (21) 
however, have observed a decreased elasticity of demand and 
an increased elasticity of supply for hogs in the post-war 
years, with a greater consequent potential for annual 
fluctuation in production. Breimyer (11) and Harlow (41) 
both detect a 4-year cycle in hog production since the war. 
Harlow explains the 4-year period in terms of a cobweb 
effect involving both production and expectation lags. 
Hogs do not normally compete markedly with dairy or 
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beef cattle for pasture, though some good pasture is usually 
recommended for efficient hog production. Unlike cattle 
production, the breeding and feeding of hogs are usually 
completed on the same farm, yet like beef production and 
unlike milk production the returns come from the stock 
services of the slaughtered hogs. The production period, 
however, is shorter than that of cattle. With the exception 
of breeding stock, the period from mating to slaughter is 
normally completed in less than 10 months. 
Pigs, of course, can be considered to be the end 
product of the flow services of breeding stock. Gilts 
normally farrow their first litter at 12 months. The sow 
may then be sold and future litters'are bred from new gilts, 
or a second or a greater number of litters may be bred. 
Older sows normally have larger litters and heavier pigs, 
but breeding sows are rarely kept for more than 4 litters, 
and more usually only for 2. Traditionally there have been 
2 important management systems. In the first hogs are 
farrowed in the spring, fed and pastured over summer, and 
sold in the fall. In the second system hogs which farrow 
in the spring are bred again to farrow in the fall. In 
more recent years 3-litter and 4-lltter systems which include 
summer farrowings have become more popular, but peak farrow­
ing months still remain March-April and August-September. 
The total weight of hogs slaughtered is the product of 
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numbers slaughtered times the average weight at slaughter. 
In the post-war period the average slaughter weight has 
varied from 230 to 250 pounds. It is conceivable that 
marketing weight is influenced by movements in the feed to 
hog price ratio during the production period, but Dean and 
Heady (21) found that adjustment to the wi thin-product ion-
period price movements have been very small. They are ignored 
in this phase of the present study. 
The U.S. Department of Agriculture classifies farrowings 
of the - December through May period as the spring pig crop, 
and those of June through November as the fall pig crop. 
Correlation analyses indicate that most of the spring pig 
crop is slaughtered in July through December, while most of 
the fall crop is sold in January through June. Commercial 
hog slaughterings during these months are given in Table 43 
for the years 1946 through 1959. 
Following the study of Dean and Heady (21), the analysis 
of hog supply is made in 2 major parts. In the first hogs 
slaughtered from the spring pig crop are related to factors 
thought to be of importance in determining the size of the 
spring crop. In the second hogs slaughtered from the fall 
pig crop are related to factors thought to be of importance 
in determining the size of the fall crop. In a small final 
section the 2 analyses are synthesized in an analysis of 
total annual supplies, and the conclusions from all analyses 
are summarized. 
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Table 43. Commercially slaughtered hogs during July to 
December, January to June, and July to June, 
1946 to 1959. 
Year Commercially slaughtered hog s 
beginning July to January to July to 
July 1 December June June 
(million (million (million 
pounds) pounds ) pounds) 
1946 7,172 7,691 14,863 
1947 7,638 7,543 15,180 
1948 7,208 7,598 14,806 
1949 8,094 8,200 16,294 
1950 8,471 9,057 17,528 
1951 9,241 9,552 18,793 
1952 8,885 8,070 16,955 
1953 7,605 7,212 14,817 
1954 8,345 8,320 16,665 
1955 9,284 9,340 18,624 
1956 8,890 8,473 17,363 
1957 8,432 8,051 16,483 
1958 8,642 9,303 17,945 
1959 9,844 9,699 19,543 
Adequate monthly data for the commercial slaughtering 
of hogs are available from 1945-46. The studies of Dean and 
Heady (21), Breimyer (11), and Harlow (41), all indicate that 
this may be an appropriate period to study for inferences 
about the near future. Following Dean and Heady the most 
important months during which decisions are made for spring 
farrowings are taken to be October, November, and December. 
Hog slaughter during July through December is taken to 
represent production from spring litters, and slaughter 
during January through June is taken to represent production 
from fall litters. 
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Variables used in the analyses of the following 
sections are: 
Feed grain to hog price ratio, October to December, 
year t-1. Average price ($) per 1000 pounds of TDN 
fed from feed grains to hogs from October to 
December / average price (§>) per 100 pounds of hogs 
received by farmers during the same period. 
Xg Feed grain to hog price ratio, October to December, 
year t-2. Xg is Xj lagged 1 year. 
Xg Feed grain to hog price ratio, April to June, year t. 
Average price ($) per 1000 pounds of TDN fed from 
feed grains to hogs April to June / average price ($) 
per 100 pounds of hogs received by farmers during 
the same period. 
X^ Feed grain to hog price ratio, April to June, year 
t-1. X4 is Xg lagged 1 year. 
Xg Milk to hog price ratio, October to December, year 
t-1. Average price ($) per 100 pounds of milk 
delivered to plants from October to December/ 
average price ($) per 100 pounds of hogs received 
by farmers during the same period. 
Xg Milk to hog price ratio, October to December, year 
t-2. Xg is Xg lagged 1 year. 
Xy Milk to hog price ratio, April to June, year t. 
Average price ($) per 100 pounds of milk delivered 
to plants from April to June / average price ($) per 
100 pounds of hogs received by farmers during the 
same period. 
Xg Milk to hog price ratio, April to June, year t-1. 
Xg is X>7 lagged 1 year. 
Xg 5-year moving average milk to hog price ratio, 
year t-1. 5-year moving average of the annual 
average price ($>) per 100 pounds of milk delivered 
to plants / annual average price ($) per 100 pounds 
of hogs received by farmers, lagged 1 year. 
XnQ Cattle feeding margin to hog price ratio. October 
to December, year t-1. Average price ($j per 100 
pounds of choice slaughter steers at Chicago less 
the average cost ($) per 100 pounds of feeder and 
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stocker steers at Kansas City, October to December/ 
average price ($) per 100 pounds of hogs received 
by farmers during the same period. 
Xn Cattle feeding margin to hog price ratio, October 
to December, year t-1. X13_ is X10 lagged 1 year. 
Xng Cattle feeding margin to hog price ratio, April to 
June, year t. Average price ($) per 100 pounds of 
choice slaughter steers at Chicago less the average 
cost ($) per 100 pounds of feeder and stocker 
steers at Kansas City, April to June / average price 
($) per 100 pounds of hogs received by farmers 
during the same period. 
X]_3 Cattle feeding margin to hog price ratio, April to 
June, year t-1. X13 is X12 lagged 1 year. 
X14 Time. 1945 = 1, to 1960 =16. 
X15 Total live weight (million pounds) of commercially 
slaughtered hogs, July to December, year t. 
X^e Total live weight (million pounds) of commercially 
slaughtered hogs, January to June,year t+1. 
X^y Total live weight (million pounds) of commercially 
slaughtered hogs, July, year t, to June, year t+1, 
= log X1. 
AXit = xit " xit-l* 
^xit = xit " xit-le 
These data, with the exception of X^q through X^g, are 
for the United States. 
Commercial Slaughter of Spring Farrowed Hogs 
The spring pig crop is farrowed from December through 
May. The peak farrowings of this period occur during March 
and April. Since the gestation period for hogs is 4 months, 
most sows are bred in November and December. Relative 
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prices for the months October through December are taken to 
be the important determinants of spring crop production, 
the bulk of which is slaughtered from July through December. 
Regression equations estimated in the analysis of 
commercial hog slaughter from July through December are 
summarized in Table 44. Data used in these equations are 
variously transformed. The explanation for the 4-year hog 
cycle given by Harlow (41) suggests that price variables 
should be lagged over 1 and 2 years. Variables X]_ and Xg 
represent the price of feed grains relative to the price of 
hogs during October through December for the years t-1 and 
t-2 respectively. Coefficients of the former variable 
represent the effect of the relative prices of feed grains 
and hogs at the time of breeding sows, while coefficients of 
the latter variable represent the lagged effect of the same 
price relationship after a year, which may follow from pro­
duction immobility due to, e.g., the availability of breeding 
gilts. Variables Xg, Xg and Xg represent the prices of milk 
relative to hogs during relevant time periods. Coefficients 
of X^ and Xg indicate the short-run competitive effect of 
milk prices on spring crop hog production. Coefficients of 
Xg indicate the long-run competitive effects of secular 
movements in the price of milk on spring crop hog production. 
Variables X^q and X^ are the October through December cattle 
feeding margin to hog price ratios for years t-1 and t-2. 
Prior analyses indicated that the cattle feeding margin was 
Table 44. Total live weight of commercially slaughtered hogs, July to December, (Xjija), 1946 
to i960: showing regression coefficients with their standard errors in parenthesis. 
&q. 
no. Constant 
V V V V V V 



















































































Variables are variously transformed, in equations 1 through l4. They are in equations 
1 through 3, (except for X^ty) in equations 4 through 6,ûX^ in equations 7 through 10, and 
a in equations 11 through l4. 
Table 44. (Continued) 
Eq. 
no. Constant =1* *5 *6* Y XlO* V 

















































Table 45, Summary of statistical tests for equations 
1 through 14. 
Equation 
number R*a . alb F° 
1 .694 1.63*d .74 N.S.d 
2 .887 1.69* 5.50*d 
5 .849 2.39* 12 .72-x-x-d 
4 .719 1.72* .88 U.S. 
5 .888 2.01* 5.43* 
6 .862 2.20$ 14.14** 
7 .764 1.44* 3.78 N.S. 
8 .756 2.29* 4.95* 
9 .739 1.46* 4.52* 
10 .726 2.31* 5.97* 
11 .587 2.31* 1.66 U.S. 
12 .701 2.69* 3.75* 
15 .485 2.06* 5.18* 
14 .650 2.63* 10 .22*-::-
^Coefficient of multiple determination. 
^Durbin-Watsor autocorrelation statistic. 
CF value for the contribution of the price-cost varia­
bles in the battery of all regressor variables. 
dN.S. = Kot significant, P >.05. 
* = Significant at the 5 per cent level. 
= Significant at the 1 per cent level. 
4 = Inconclusive at the 5 per cent level. 
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a consistently "better Indicator of the competitive influence 
of beef production than the price of slaughter steers. This 
reflects the dominance of cattle feeding as the major altern­
ative livestock enterprise to hog production in the North 
Central Region. Time is represented by variable X^4. 
Statistical tests of equations 1 through 14 of Table 44 
are summarized in Table 45. The R^ values for logarithmic 
equations 4 through 6 are slightly, though consistently, 
greater than the values for their non-logarithmic counter­
parts, equations 1 through 3. The R2 values of first differ­
ences equations 7 through 10 are considerably greater than 
those of their logarithmic counterpart, equations 11 through 
14, however. A comparison of equation F values for the 
contribution of price variables in each equation and the 
ratios of coefficient estimates to their standard errors 
indicate that the first differences equations 7 through 10 
best represent the functional manner in which relative 
prices influence spring hog crop production. All equations 
are considered in the inferences which are drawn from this 
analysis, however. 
The positive coefficients of the time supply shifter, 
X14, of equations 1 through 6 and the constant terms of 
equations 7 through 14 all indicate a positive trend in 
spring crop hog production since the war which has been 
independent of relative price movements. From equations 
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4 through 6 and 11 through 14 this trend is estimated to be 
at the average annual compound rate of 2.1 per cent. 
The effects of feed grain prices relative to hog prices 
are estimated in the coefficients of X]_ and Xg. These are 
all negative, most strongly so in the first differences 
equations 7 through 10, indicating a marked response to feed 
grain price or availability. There is little evidence to 
indicate that the influence of X-j_ is stronger than that of 
Xg. This continued influence of the price (or availability) 
of feed grains relative to the price of hogs over a 2 year 
period is evidence supporting Harlow's hypothesis for the 
nature of the 4-year hog cycle. First differences equations 
7 through 10 indicate response elasticities of X]_ and Xg 
ranging between -.1 and -.3. Elasticity estimates from the 
remaining equations are somewhat smaller, ranging from 
-.05 to -.15. 
The equations indicate that there is no marked or 
consistent competitive influence of milk price on the short-
run supply of spring crop hogs. There is, however, a strong 
competitive relationship in the long-run. This strengthens 
the conclusions about the hog and dairy enterprises already 
drawn from the analysis of milk supply. The response 
elasticity with respect to Xg is large, estimates being in 
the range of -1.0 to -1.2. 
Cattle feeding is the major alternative use for feed 
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grains in the Worth Central Region where most hogs are raised. 
Coefficients of X^Q and X]_]_ indicate the response of spring 
crop hog production to changes in the relative profitability 
of feeding cattle and breeding and feeding hogs in the major 
decision months for both enterprises. This response is most 
marked in the case of X^Q, where coefficients are strongly 
negative in all functional formulations. No effect of the 
relative profitability of cattle and hogs lagged 2 years, 
Xn, is apparent from the non-first differences equations 
1 through 6, but it is consistently apparent in first differ­
ences equations 7 through 14, most markedly in equations 7 
through 10. Response elasticities with respect to X^Q range 
from -.05 to -.13. First differences equations 7 through 14 
give smaller response elasticities with respect to X^ in 
the range between -.02 to -.07. These results are contrary 
to those found by Dean and Heady (21) relating year to year 
changes in spring farrowings to the relative profitability 
of cattle feeding and hog production from 1938 to 1956. 
Commercial Slaughter of Fall Farrowed Hogs 
The fall pig crop is farrowed from June through November. 
The peak of fall litter farrowings occurs during August and 
September. Most sows are hence bred in May and June for the 
fall crop. We might therefore expect that relative prices 
during, say, April through June are most important in 
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determining fall farrowings. Dean and Heady (21), however, 
found that farrowings during the previous spring were the 
most important determinant of the fall crop. Sows bred for 
the spring crop are often held over for fall farrowing. Price 
variables which were utilized to account for variation in 
spring farrowings therefore form the core of the variables 
used to account for variation in fall farrowings. To these 
are added the set of the same price variables operating from 
April through June of year t and t-1. 
Regressions estimating the live weight of commercially 
slaughtered hogs from January through June are summarized as 
equations 15 through 41 in Tables 46 through 49. Data used 
are original observations in Table 46, logarithms in Table 
47, first differences in Table 48, and first differences of 
logarithms in Table 49. In the first 2 equations of each 
table the variable Xg, the feed grain to hog price ratio 
from April through June, is added to the battery of variables 
previously used to account for hog slaughter in the previous 
July through December. In the third and fourth equations of 
each table the April through June price ratios are used in 
place of the October through December ratios. In the remain­
ing equations the variables whose coefficients are smaller 
than their standard errors are deleted. 
The statistical tests for equations 15 through 41 are 
summarized in Table 50. A comparison of these tests indicates 
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Table 46. Total live weight of commercially slaughtered hogs, January to June 1946 to i960 ( 
coefficients with their standard errors in parenthesis. Data used are original ot 
Equation 
number Constant %l =2 *3 =4 h =6 *7 %8 






































21 11.9896 -1.7212 
(.519) 
gs, January to June 1946 to i960 for I9U5 to 1959)$ shoving regression 
thesis. Data used, are original observations. 
=5 *6 *7 %8 =9 h.o *11 *12 
5000 1.7230 -3>933 i.%363 -.0347 
375) (4.888) (1.499) (1.377) (.058) 
8.3350 -3.0188 .893% .0040 
(13.287) (1.558) (1.305) (.048) 
22.8657 -9.8842 -1.0705 -2,4244 -.0515 
(9.759) (9.320) (2.292) (2.087) (.068) 
-6.3986 -3.0793 -2.1888 .0545 
(17.955) (2.776) (2.777) (.061) 
5113 -3.0672 1.4737 
803) (.944) (1.031) 
19.7899 -13.6109 -3.1410 




Table 4y» Total live weight of commercially slaughtered hogs, January to Jnna, 19I 
regression coefficients with their standard errors in parenthesis. Dati 
observations, except for time (%^). 
Equation 
number Constant 
*L =2 *3 *4 =5 =7 =8 
22 1.2720 -.1276 
(.244) *
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-.0380 -.0624 -.0022 
(.033) (.042) (.003) 
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Table 48. Total live weight of commercially slaughtered hogs, January to June, 1)46 to i960 ( Z 
gressien coefficients with their standard errors in parenthesis. Data used are firs 
observations. 
Equation 
number Constant AXL dig Xj <3=5 ^%6 
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Table 4y. Total live weight of commercially slaughtered hogs, January to Juni 
showing regression coefficients with their standard errors in parei 
differences of logarithms of original observations, except for timt 
Equation 
rrmsber Constant 4=1 A*2 a=3 A14 Ax6 AXy 
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Table 50. Summary of statistical tests for equations 
15 through 41. 
Equation 
number R2& A'B FC 
15 .853 1.88+d 3.45 N.S.D 
16 .803 1.53 + 3.20 N.S. 
17 .782 2.06 + 2.78 N.S. 
18 .610 1.69 + 1.43 N.S. 
19 .844 1.66 + 9 .73**^ 
20 .728 ' 1.99 N.S. 6.70*-::-
21 .508 1.91 + 6.21*d 
22 .820 2.08 + 2.68 N.S. 
23 .723 1.46 + 1.96 N.S. 
24 .793 2.16 + 3.02 N.S. 
25 .533 1.48 * .91 N.S. 
26 .642 2.29 + 4.48-::-
27 .765 1.91 + 5.87* 
28 .450 1.82 N.S. 10 .62->::-
29 .823 1.19 4 3.98 N.S. 
30 .801 .96 + 4.71* 
31 .636 1.82 + 2 .04 N.S. 
32 .419 1.58 * 1.13 N.S. 
33 .789 .84 4 12.48** 
34 .549 1.63 * 4.07* 
35 .208 2.11 N.S. 3.16 N.S. 
36 .792 1.28 * 3.26 N.S. 
37 .781 1.05 "f 4.16* 
. 38 .638 1.93 f 2.06 N.S. 
39 .386 1.53 + 1.01 N.S. 
40 .742 1.29 * 6.47** 
41 .532 1.53 2.56 N.S. 
^Coefficient of multiple determination. 
"^Durbin-Watson autocorrelation statistic. 
c? value for the contribution of the price-cost varia­
bles in the battery of all regressor variables. 
*%.S. = Not significant, P ^ .05. 
= Significant at the 5 per cent level. 
= Significant at the 1 per cent level. 
* = Inconclusive at the 5 per cent level. 
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that there is little difference between the estimates of 
the Influence of various price ratios when equations are 
computed from original observations or their first differ­
ences. Both these functional formulations, however, have 
more satisfactory statistical characteristics than their 
logarithmic counterparts. The small and irregular coeffi­
cients of X^4 in the non-first differences equations indicate 
that there has been no independent trend in production in 
the post-war years. Coefficients from all equations are 
considered in the conclusions drawn from these analyses. 
The effects of the feed grain to hog price ratios during 
various time periods are given by the coefficients of varia­
bles Xj through . No strong or consistent influence of X-j_ 
is apparent, but in all cases the coefficient of Xg is 
strongly negative. Coefficients of X5, the feed grain to 
hog price ratio during April through June prior to the 
slaughter period, are also strongly negative, while coeffi­
cients of the same variable lagged 1 year, X4, are consis­
tently negative but generally small in relation to the 
coefficients of Xg and Xg. There hence appears to be a 
marked response to spring feed grain to hog prices in the 
slaughter of fall farrowed hogs. 
The nature of the effect of spring farrowings and the 
spring feed grain to hog price ratio on farrowings the 
following fall are indicated by the coefficients of X-j_ 
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through X^. Variable Xg strongly influences both spring 
and fall farrowings. Plans for saving gilts from spring 
litters for spring and fall farrowings the following year 
are probably made on the basis of the feed grain to hog 
price ratio prevailing at the time at which the spring litter 
was bred. Hence the availability of breeding stock for both 
spring and fall farrowings will be strongly influenced by 
Xg. Whether or not breeding stock will be utilized for 
spring and fall farrowings, however, will depend in part 
upon the feed grain to hog price ratios prevailing when sows 
and gilts are bred for these farrowings. It appears, in 
fact, that the elasticities of response of X^g with respect 
to Xg and Xg are larger than those of X^g with respect to 
the same variables. The estimated response elasticity of 
Xi6 with respect to Xg varies between -.3 and -.55, while 
the estimated elasticity of response with respect to Xg is 
in the range of -.05 to -.7. The estimated response 
elasticity of X16 with respect to X4 is in the range of 
—.05 to -.35. 
The effects of changes in the price of milk relative 
to the price of hogs at various time periods are varied. 
Unlike the situation for spring hogs, the coefficients of 
Xg indicate no marked effect of changes in the secular 
relationship between milk and hog prices on fall hog crop 
production. Coefficients of the milk to hog price ratios 
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within the year prior to slaughter, Xg and X^, have positive 
coefficients, the latter being strongly so. Coefficients of 
Xg, on the other hand, are strongly negative. The signs of 
these variables may follow from the chances of sampling, but 
they also suggest that the effect of price movements may 
become apparent in production changes at particular times 
of the year. It has been suggested by the analysis of milk 
production per cow that favorable milk prices may induce a 
heavier rate of culling. High milk prices in fall, winter, 
and spring may therefore induce farmers to sell more cows 
as they dry off in late summer and early fall. The subse­
quent slack in farm activity in fall may be compensated for 
by a larger farrowing of fall pigs bred in late spring. A 
high dairy cow culling rate in the current year results in 
a lower culling rate in the following year. Thus while high 
milk prices in fall through spring may increase farrowings 
in the following fall, they will cause a decline in the 
number of subsequent fall farrowings. The ranges of esti­
mated elasticities of X16 with respect to Xg, X7, and Xg 
are .13 to .32, .26 to .67, and -.24 to -.48 respectively. 
Coefficients of variables X1Q through X13 indicate the 
influence of changes in the profitability of feeding cattle 
relative to breeding and feeding fall litter hogs. Cattle 
are normally bought in the North Central Region in late fall 
and fed over the winter months for sale in late spring and 
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early summer. This is the same time period during which 
fall hogs are fed. Farmers must plan, therefore, knowing 
that the fall hog crop will compete directly with cattle 
feeding for available farm resources. A comparison of the 
coefficients of variables X^Q and X12 suggests that farmers 
are more cognizant of price differentials during late fall 
than during late spring in planning their fall crop (and 
presumably their cattle feeding operation). The estimated 
elasticities of response of X16 with respect to X1Q and X12 
range between -.04 to -.14 and -.02 to -.06 respectively. 
The response to changes in X^g is also in general more marked 
than response to changes in X^g, though not as large as that 
of X^Q. The estimated elasticity of response with respect 
to X]_g is in the range between -.03 and -.08. 
Annual Commercial Hog Slaughter 
The annual supply of slaughtered hogs is the sum of 
hogs slaughtered from spring and fall pig crops. If, as 
Dean and Heady (21) suggest, the fall pig crop is largely 
determined by spring farrowings, it will be more appropriate 
to analyze the volume of slaughtering from July, t, to June 
t+1, rather than on a calendar year basis. In the current 
analysis this aggregate, X^y, is related to variables 
previously employed in the analyses of hog slaughter from 
July through December and January through June. It can be 
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shown theoretically that if X^g has no direct influence on 
Xi6, then the elasticity of X^y with respect to each regres-. 
sor variable is a weighted average of the elasticities of 
X^g and X^g with respect to that variable, the weights being 
proportional to X^g and X16. If in addition X16 is directly 
influenced by X^g, the elasticities are augmented by the 
proportion of X^g In X^ times the product of the elasticity 
of X15 with respect to the factor in question and X^g with 
it-
respect to X^g. 
«ft 
Let Q = total production, and and Qg te its 2 addi­
tive components, P = price, E^, E? , and e£ be the respec-
Q 0,1 
tive elasticities of Q, Qi» and Qg with respect to P, and 
E^l be the elasticity of Qp with respect to . Then 
2 
@ = f(P) ! Sg = ; 
n = i i + i 2 -
i2 - H2 + if • S1 • 
Hence 
|| = H1 • |§2 • §§2 . g1 . 
4 -  i - l  
If 
'(IS1+ H2 - Uf • S1)! 
V12+Uf • 1| • H1 • if Is -
= "v t1 • V Ie • "§ï • <• I2-
|^2 = 0, E^ is a weighted average of E^ and E^, 
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Knowledge of the Implication of price changes on annual 
production may be more suitable for policy purposes than 
knowledge about the effects of price changes during the 2 
periods of the year, but a knowledge of the components of 
annual supplies should provide useful information for the 
more aggregate analysis. 
Regressions which estimate the live weight of commerci­
ally slaughtered hogs from July through June are summarized 
in equations 42 through 54 of Table 51. As in Table 44, the 
variables are variously transformed. Variables used in these 
equations are the same as those used in equations 1 through 
4, except that the grain to hog price ratio during April 
through June of year t, Xg, is also considered. The relevant 
statistical tests of equations 42 through 54 are summarized 
in Table 52. Non-logarithmic equations have slightly more 
satisfactory statistical characteristics than their logarith­
mic counterparts. Due to a small but consistent time trend 
(most marked in the logarithmic equations 46 through 49) the 
R^ values are slightly higher in the non-first differences 
equations than in their first differences counterparts. 
Due to their low R^ values and atypical behavior of coeffi­
cients, equations 52 and 53 will not be considered further. 
The elasticities of response of X^ with respect to 
various variables lie within the ranges set by the elastici­
ties of response of X^g and X^g with respect to these 
variables. The signs of variable X% are not consistent 
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Table $1. Total lire weight of commercially slaughtered hogs, July, t, to June, t+1 (2 
showing regression coefficients with their standard errors in parenthesis, B 
original observations. 
Equation 
number Constant Y V =6» V 
















































4? .9810 1:$? -.1992 (.150) -.0845 (.235) -.3916 (.339) —.0636 (.049) 






























































•Variables are variously transformed in equations 42 through $4. They are in e 
45, %i (except for Zi4) in equations 46 through 49, AX* in equations 50 through 52, an 
equations 53 and 5**. 
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commercially slaughtered hoge, July, t, to June, t +1 (%]?*), I9U6 to 1959$ 
>effleiente with their standard errors in parenthesis. Data used are 
1. 









































































































































transformed in equations 42 through $4. They are X* in equations 42 through 
itions 46 through 4g, AX* in equations 50 through 52, and Ax* in 
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Table 52. Summary of statistical tests for equations 
42 through 54. 
Equat ion 
number R
2* a'b Fc 
42 .884 2.27*d 2.96 N.S.d 
43 .857 1.96* 3.05 N.S. 
44 .852 2.03* 14.42**& 
45 .835 1.34* 7.07** 
46 .862 1.98* 2.31 N.S. 
47 .824 1.46* 2.20 N.S. 
48 .778 2.33* 2.90 N.S. 
49 .788 1.87* 4.65*3 
50 .813 1.58* 3.72 N.S. 
51 .765 1.40* 3.80 N.S. 
52 .488 2.23 N.S. 3.18 N.S. 
53 .691 1.78* 1.91 N.S. 
54 .756 1.64* 3.62 N.S. 
^Coefficient of multiple determination. 
^Durbin-Watson autocorrelation statistic. 
CF value for the contribution of the price-cost varia­
bles in the battery of all regressor variables. 
*%.S. = Wot significant, P >.05. 
* = Significant at the 5 per cent level. 
= Significant at the 1 per cent level, 
v = Inconclusive at the 5 per cent level. 
from equation to equation, and the coefficients are small 
in relation to their standard errors. Coefficients of Xg 
Xg, on the other hand, are all strongly negative, though 
response to Xg appears in general to be stronger than 
response to Xg. The estimated elasticity of response with 
respect to Xg ranges from -.15 to -.5, while the estimated 
elasticity of response with respect to Xg ranges from -.07 
to -.5. 
The effects of variations in the milk to hog price 
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ratio reflects conclusions already drawn from the previous 
analyses. Coefficients of Xg in the more satisfactory equa­
tions are positive and in general greater than their standard 
errors. The estimated elasticity of annual commercial hog 
slaughter with respect to Xg varies from .14 to .26. Coeffi­
cients of Xg are small in relation to their standard errors. 
•While there appears to be a complementary relationship 
between annual hog production and milk production in the 
short-run (via fall farrowed pigs) there appears to be a 
competitive relationship in the long-run (via spring farrowed 
pigs). Coefficients of Xg are negative in all equations 
except 51, with estimates of the response elasticity ranging 
from -.26 through -.81. 
The effects of fall cattle feeding profitability rela­
tive to hog price are indicated by the coefficients of 
variables X^Q and X^. The previous analyses both indicate 
that the annual response should be most marked in the case 
of X^Q. The coefficients of X^Q are in fact strongly nega­
tive. The estimates of the elasticity of annual response 
of commercially slaughtered hogs range from -.06 to -.14. 
There is no consistent response evident to the same variable 
lagged a further year, X^, however. 
Summary 
The annual number of hogs slaughtered can be accounted 
for by factors which account for slaughter of hogs from 
spring and fall litters. The elasticities of response of 
232 
annual production with respect to various price variables 
lie between the values of the elasticities of response of 
production from spring and fall litters. The series analyzed 
are short, however, and the inferences drawn from the data 
must be considered as tentative. The price (or availability) 
of feed grains relative to the price of hogs at various time 
periods appears to have a distinct effect on hog production. 
Hogs slaughtered from July to December seem to be as equally 
affected by the October through December feed grain to hog 
price ratio lagged 1 year, X^, as by the same ratio lagged 
2 years, Xg, with estimates of elasticities of response 
ranging from -.05 to -.3. The variable Xg, together with 
the April through June ratio, Xg, appear to be important 
determinants of the January through June commercial hog 
slaughter. The estimated response elasticity of X-^g with 
respect to Xg ranges between -.3 and -.55, while the 
estimated response elasticity with respect to Xg varies 
between -.05 to -.7. 
The price of milk relative to the price of hogs appears 
to have no effect on spring farrowed hogs in the short-run, 
though a marked competitive relationship does exist between 
spring hogs and milk in the long-run. The estimates of the 
elasticity of commercially slaughtered hogs with respect to 
the 5-year moving average milk to hog price ratio lagged 1 
year, Xg, is in the range of -1.0 to -1.2. Long-run effects 
of milk price on fall farrowed hogs are negligible, however, 
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while an increase in the milk to hog price ratio elicits an 
immediate increase in the fall hog farrowings in the current 
year (possibly as a result of an increased milk cow culling 
rate) followed by a decline in the subsequent year. 
Cattle feeding is the main competitive enterprise with 
hog production in the major hog producing region. The 
October through December cattle feeding margin appears to 
affect strongly hog farrowings in both the following spring 
and fall. Estimates of the elasticities of response of hog 
slaughter in both periods with respect to X]_Q fall in 
approximately the same range, -.04 to -.14. No influence 
of the same variable lagged 1 year, X^, on slaughter of 
fall hogs is apparent, though small negative coefficients 
are associated with this variable in first differences 
equations 7 through 12• 
Conclusions 
Since 1945 there has been a general expansion of annual 
hog production, although this has been subject to marked 
fluctuations arising out of (and partially causing) varia­
tions in the price of hogs relative to other products. 
It appears, however, that if relative prices do not deviate 
too far from their pattern since the war, total annual hog 
production will continue to expand apart from the influence 
of changing relative prices. Estimators indicate that hog 
production has expanded at an average compound rate of .5 
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per cent per year apart from the effects of price movements. 
This trend has been more marked for hogs slaughtered from 
July through December than for hogs slaughtered from January 
through June, though there has been a tendency during the 
period to even out the monthly distribution of slaughter. 
For purposes of predicting commercial hog slaughter 
for the year July through June, equation 44, which incorpo­
rates 4 realized price ratio variables, is possibly the most 
adequate estimator. For any equation incorporating 4 or less 
regressor variables, equation 44 has the most adequate R2, 
d*, and F statistics, though its elasticity estimates are 
a little higher than those of other equations. Equations 10 
and 33 appear to be the most adequate equations for estimat­
ing the quantity of hogs slaughtered from July through 
December and January through June, respectively, on the basis 
of realized price ratios. In relation to other estimators 
both of these equations have accounted quite adequately for 
past variation in commercial hog slaughter during these 
periods. The d* value for equation 33 is low, though still 
inconclusive at the 5 per cent probability level. 
These equations incorporate a limited number of price 
ratio variables. To predict the effects of possible changes 
of other relative prices, other predictors may be used. Care 
should be taken in employing any particular equation for 
prediction, however. The series used are short, and many of 
the equations contain a large number of regressor variables, 
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diminishing the precision of our knowledge about each price 
effect. Particular equations should be selected in the light 
of the evidence supplied by all. 
Potential responses to possible price changes vary 
between price variables and periods during which the response 
is measured. Slaughter from fall pigs appears to be more 
responsive to short-run price variation than is slaughter 
from spring pigs. Possibly the spring pig crop operation is 
more traditionally determined, although there is evidence 
that the size of the spring crop is a partial determinant 
of the size of the fall crop. 
The estimates do suggest that there is a greater poten­
tial for short-run adjustments in hog production to price 
variation than is so for milk production, while the adjust­
ment potential is somewhat less than is possibly the case 
for fed cattle. The analyses do not permit a firm statement 
to be made regarding the effects of sustained price move­
ments over a period of, say, 2 years, but they suggest that 
a sustained 10 per cent change in the feed grain to hog price 
ratio will elicit at least a 6 per cent change in annual hog 
production over 2 years, while a sustained 10 per cent change 
in the cattle feeding margin to hog price ratio will elicit 
in excess of a 1 per cent change. The short-run effects of 
variation in the milk to hog price ratio are not clear. 
There is some evidence that a rise in the relative price 
of milk may increase hog production in the short-run 
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(mainly through fall litter pigs), though in the long-run 
hogs and milk production appear to be competitive. The 
analysis of annual commercial hog slaughter provides weak 
evidence that a 10 per cent change in the lagged 5-year mov­
ing average milk to hog price ratio gives rise to a 5 per 
cent change in annual hog slaughter. Again It must be 
emphasized that these relationships have been determined 
within the limitations of post-war relative price movements, 
and wider price variations may severely alter these responses. 
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CHAPTER VIIï SUPPLY RELATIONSHIPS WITHIN THE 
POULTRY INDUSTRIES 
During the past 40 years poultry products have annually 
accounted for from a fifth to a fourth of the total value of 
livestock production. Their contribution to agricultural 
income has approximately equalled that of hogs during the 
period. As a consumer of feed grains, however, the poultry 
industry has become steadily more important. Chickens and 
turkeys consumed less than 13 per cent of all grains fed in 
1920, while this proportion had doubled by 1956. The propor­
tion of feed grain consumption by hogs, however, has remained 
remarkably constant at from 35 to 40 per cent. 
The poultry products sector of livestock supply is 
characterized by 3 distinct enterprises; namely 1) egg 
production with farm chickens as a more or less important 
by-product, 2) broiler production, and 3) turkey production. 
The developments of these 3 enterprises have not been overtly 
competitive with each other. The production of eggs is 
widely distributed throughout the nation, with some concentra­
tion in the North Central Region. Broiler production is 
heavily concentrated in the South Atlantic and South Central 
Regions, while most turkeys are raised in the West North 
Central Region and the West Coast. Production of eggs, 
broilers, and turkeys since 1935 is shown in Table 53, while 
relative changes in the regional distribution of these 
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Table 53. Annual production of eggs, broilers, and 
turkeys, 1935 to 1959. 
Year 
Total egg Total broiler Total live weight 
production production production of 
turkeys 
(billion) (million 
nnuYids ) (million pounds) 
1935 33.6 123 298 
1936 34.5 152 405 
1937 37.6 196 376 
1938 37.4 239 395 
1939 38.8 306 494 
1940 39.7 414 502 
1941 41.9 559 512 
1942 48.6 674 522 
1943 54.5 833 509 
1944 58.5 818 584 
1945 56.2 1,107 741 
1946 56.0 884 715 
1947 55.4 936 611 
1948 54.9 1,127 574 
1949 56.2 1,570 769 
1950 59.0 1,945 818 
1951 58.1 2,415 950 
1952 58.1 2,624 1,049 
1953 57.9 2,904 1,008 
1954 58.9 3,236 1,161 
1955 59.5 3,309 1,090 
1956 60.9 4,270 1,274 
1957 60.4 4,693 1,351 
1958 60.7 5,431 1,301 
1959 62.4 5,603 1,368 
enterprises are indicated in Table 54. 
Each enterprise is also characterized by its own sea­
sonal production pattern. July is the month having the least 
number of layers on hand, but this number increases steadily 
to a maximum during January. More marked is the seasonality 
of egg production per layer, being at its lowest during 
November and December when pullets first commence to lay, 
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Table 54. Relative changes in the regional distribution of 
poultry enterprises in the United States, 















Eggs i % % $ % % 
1938 15 23 25 9 17 11 
1948 16 21 30 8 15 10 
1958 18 20 27 10 12 13 
Broilers 
1938 15 11 3 48 17 7 
1948 14 7 3 54 14 6 
1958 12 6 3 44 31 5 
Turkeys 
1938 6 10 30 8 22 23 
1948 9 14 26 9 11 32 
1958 4 14 30 12 11 29 
and reaching a maximum in May. Since 1935, however, there 
has been a steady reduction in the variability of production 
per layer from month to month. As a result of the combined 
seasonal variation in number of layers and production per 
layer, egg production is at a maximum during March through 
May, while the period of minimum production has gradually 
crept forward from November-December in 1935 to August-
September in 1959. Least seasonality is seen in broiler 
production. The raising of broilers is carried out continu­
ously throughout the year, though the greatest number of 
broiler chicks are hatched from March through July, with a 
consequent peak of broiler supplies from June through early 
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November. Seasonality of production is strongest in the 
case of turkeys. Market supplies are low from January 
through June, but then rise steadily to a peak in November 
when demand is strongest for the Thanksgiving and Christmas 
seasons. Turkey slaughter drops away extremely rapidly in 
late December. 
The production of eggs, broilers, and turkeys are 
distinct enterprises. Yet since 1935 each has shown a very 
rapid expansion. From 1935 through 1959 the annual trends 
in output, expressed as percentages of the means for the 
period, were 2.5, 5.7, and 11.7 per cent for eggs, turkeys, 
and broilers, respectively, compared with figures of .8, 
2.0, and 2.8 per cent for milk, hogs, and beef. In the 
absence of a favorable secular price structure which would 
induce such an expansion, Hayami (42) suggests that the prime 
cause has come from the per unit cost reduction brought about 
through technological innovations. Biological innovations 
are indicated by a reduction in the ratio of feed costs to 
total output, ceteris paribus, while mechanical innovations 
are indicated by a reduction in the ratio of labor costs to 
total output, ceteris paribus. Feed costs are by far the 
major current costs in all phases of poultry production 
(see, e.g., reports of the Agricultural Research Service 
of the U.S. Department of Agriculture (93)), and we would 
hence assume that biological innovations have been of more 
importance than mechanical innovations in accounting for 
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the rapid expansion of poultry production. Hayami represents 
"biological changes in production by movements in the number 
of eggs per layer, and the broiler-feed and turkey-feed 
conversion rates. These variables have accounted strongly 
for the growth in output. From 1935 to 1958 the number of 
eggs per layer has risen by 65 per cent, while the increases 
in the broiler-feed and turkey-feed conversion rates have 
been 79 and 35 per cent respectively. Hayami has developed 
logistic prediction equations for each of these technology 
indicators, using 1900 values as the lower asymptotes and 
maximum likely values estimated by poultry scientists as 
upper asymptotes. 
Supply of Eggs 
Total egg production is by definition the product of 
the total number of layers on farms and the average number 
of eggs per layer. Variables which are thought to affect 
either of these sources of variation are therefore potential­
ly important in accounting for variation in total production. 
Helmberger and Cochrane (47) have considered that price-cost 
movements are important for total supply response only 
through their effects on the number of producers and the 
average size of flocks. Hansen (39) indicates that the 
functional relationship between egg production and level 
of feeding is linear to the consumption capacity of the 
mature bird. Hence if it pays to produce at all, it will 
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pay to feed to full capacity. Models of the supply structure 
for eggs have been given by Gerra (33,34), Hayami (42), and 
Fox (31). In each the effects of price-cost movements 
operate primarily through changes in the total number of 
layers on farms. Relevant price-cost variables are hence 
those which may cause changes in the average total number of 
layers during the year, i.e., those price-cost variables 
accounting for the number of layers on hand at the beginning 
of the year, the acquisition of pullets coming into produc­
tion during the year, and the culling of older laying hens 
during the year. 
Variables used in the analyses of total egg production 
are : 
Xx Feed grain to egg price ratio, November (t-1) to 
May (t). Average price ($) per 1000 pounds of TDN 
fed from feed grains to poultry from November to 
May /average price ($) per 100 dozen eggs received 
by farmers during the same period. 
Xg Feed grain to egg price ratio, November (t-2) to 
May (t-1). Xg is X^ lagged 1 year. 
Xg Poultry feed ration to egg price ratio, November 
(t-1) to May (t). Average cost ($) per 1000 pounds 
of poultry ration from November to May/ average 
price (I) per 100 dozen eggs received by farmers 
during the same period. 
X4 Poultry feed ration to egg price ratio, November 
(t-2) to May (t-1). X4 is Xg lagged 1 year. 
X5 Farm chicken to egg price ratio, year t. Average 
price ($) per 100 pounds of farm chickens received 
by farmers/ average price ($) per 100 dozen eggs 
received by farmers. 
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Xg Hog to egg price ratio, October (t-1) to December 
(t-1). Average price per 100 pounds ($) of hogs 
received by farmers, October to December of year 
t-1 / average price ($>) per 100 dozen eggs received 
by farmers during the same period. 
X» Hog to egg price ratio. October (t-2).to December 
(t-2). X«7 is Xg lagged 1 year. 
Xg Broiler to egg price ratio, November (t-1) to May 
(t). Average price ($) per 100 pounds of broilers 
received by farmers, November to May/ average price 
($>) per 100 dozen eggs received by farmers during 
the same period. 
Xg Broiler to egg price ratio, November (t-2) to May 
(t-1). X9 is Xg lagged 1 year. 
X10 Average number of eggs produced per layer in year t. 
X11 Time. 1935 = 1, to 1959 = 25. 
X12 Total egg production (billions) in year t. 
= lOg Xjy 
AXit = Xlt - Xlt_x. 
Axlt ~ xit " xit-l* 
Helmberger and Cochrane (47) stress the point that 
most labor utilized in egg production has been family labor, 
and therefore a fixed cost. They obtain an adequate account 
of annual variation in egg production in Minnesota in terms 
of the price of eggs, the price of feed in the first 9 months 
of the year, and the average production per layer. Hayami 
(42) has also found a strong negative influence of lagged 
feed prices on number of layers on farms, the acquisition 
of pullets, and total egg production for the U.S., as have 
Baker (4) for Iowa egg production, and Judge (58), Fisher 
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(27), and Gerra (53,34) using current and lagged feed prices 
and simultaneous equation estimation techniques for the U.S. 
Changes in the relationship "between feed prices and egg 
prices which are likely to affect production are expressed 
in variables X^ through X^. These ratios are averages for 
the period November through May. Most pullets bought during 
the year are hatched during the late winter and spring 
months. The November through May period was selected since 
this is also the period of greatest intensity in broiler 
chick hatching, and it also accounts for some lags between 
the formulation and implementation of farm plans. Coeffi­
cients of variables X]_ and Xg indicate the direct effects of 
changing feed grain prices relative to egg prices on egg 
production. Feeds consumed by poultry are more highly 
processed than feeds consumed by other livestock, however. 
The effects of changing poultry ration costs relative to egg 
prices are indicated by the coefficients of variables Xg and 
X^. The variables Xg and X^, the feed to egg price ratios 
from November (t-2) to May (t-1), are considered to be 
important in determining pullet numbers in year t-1, and 
hence the number of mature layers in year t. Pullets 
hatched in spring start laying in the fall, the rate of 
laying increasing steadily to a maximum the following spring, 
at which time production begins to drop again, though the 
rate of decline has been steadily diminishing over the last 
decade. Most of the eggs laid in a given year hence come 
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from layers stocked in the first half of the previous year. 
The variable Xg or X^ should be important in accounting for 
variation in the number of such layers. Towards the end of 
a given year, however, an increasingly larger proportion of 
the eggs will be coming from pullets stocked during the first 
half of the current year. The variable X^ or Xg should be 
important in accounting for this source of variation. 
Culling of the flock is a continuous job, carried 
through mainly to ensure that the most efficient layers in 
terms of the egg-feed ratio are kept. The meat animal is 
also a product of the egg industry, however. Farm chicken 
supply has been of diminishing importance since the war, 
mainly because of the acceptance of chick sexing, but poultry 
experts still insist that optimum culling policy can only be 
established in the light of the relationship of farm chicken 
to egg prices. We would therefore expect an increase in the 
farm chicken to egg price ratio in a given year (Xg) to 
increase the rate of culling and diminish egg production. 
The inclusion of the variable Xg in a least squares regres­
sion equation for total egg production is somewhat precari­
ous , however, since high egg prices may induce poultry 
farmers to keep layers and thus force up the price of 
farm chickens. 
The major potential competitive enterprises for egg 
production are considered to be hogs and broilers. The 
former is a major competitor for farm labor on small mixed 
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farms which produce a large proportion of the egg crop. The 
latter is a potential competitor for large commercial poultry 
farms. The variables Xg and Xy reflect the price of hogs 
with respect to eggs during October through December of years 
t-1 and t-2 respectively. These are the months when decisions 
are made for the spring hog crop, which may directly compete 
for available farm labor or feed grain supplies at the time 
when replacement pullets are bought. Production plans for 
broilers also seem to be made in the early months of the 
year. The largest number of broiler chicks are placed on 
farms during the spring months when most pullets for laying 
flocks are also being purchased. The variables Xg and Xg 
are the broiler to egg price ratios during the months 
November (t-1) through May (t) and November (t-2) through 
May (t-1) respectively. Variables Xy and Xg are included 
to account for the effects of numbers of laying hens on 
farms at the beginning of the year, while variables Xg and 
Xg are included to account for the effects of number of 
pullets which start to lay during the year. 
As in the studies of HeImburger and Cochrane (47) and 
Hayami (42) the annual average production per layer, X-^Q, 
is introduced to represent technological change. The 
increase in production per layer was slow until the mid-
1930' s, but since that time it has been rapid. Hayami notes 
that this variable is well represented by the logistic 
function 
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X10 100 + 1 + 19.62 e-.0777t 
where t = 1 for 1925. The variable can hence be estimated 
for prediction purposes. An alternative formulât ion is to 
represent technological change by the time variable X-Q* 
In the period 1935 to 1959 the increase in egg production 
per layer has been fairly linear. 
Equations 1 through 28 of Tables 55 through 58 incorpo­
rate these variables or their transformations in accounting 
for variation in annual total egg production. A summary of 
the statistical test for these equations is given in Table 59. 
The first 4 equations of Tables 55 and 56 incorporate system­
atic combinations of the regressor variables, while in the 
remaining equations of these tables the variables whose 
coefficients are less than their standard errors are deleted. 
These equations are based on data for the period 1935 to 
1959. First differences equations 17, 18, 23 and 24 of 
Tables 57 and 58 are likewise based on data for this period. 
The war years, however, were characterized by a very large 
expansion of egg production induced by high prices and market 
confidence. The effects of this atypical period are seen 
in the first differences analyses in the extremely low 
coefficients of multiple determination where war years data 
are used. To obviate the coefficient biases which might 
follow from these low R^ values, the first differences 
Table 55» Total egg production (X^g), 1935 to 1959$ showing regression coefficients with their 
standard errors In parenthesis* Data used are original values of observations. 
Bq. 
no* Constant Xg Xj Xj^ ^ Xg Xy Xg Xg ^10 ^11 
1 -II.565 <?:$ 2.609 <8.12) 84.504 (24.41) 4.432 (16.41) -1.120 (17.24) -24.309 . 369 (17.30) (.13) 
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Table 56. Total egg production (aq^)» 1935 to 1959' showing regression coefficients with their 
standard errors in parenthesis. Data used are logarithms of observations, except for 
time (%n). 
Eq. 
no. Constant X1 =2 =3 *4 s *6 =7 =8 *9 =10 *L1 




















































































16 1.5149 -.4350 





Table 57. Total egg production ( AX^g)# 1935 to 1959 : showing regression 
coefficients with their standard errors in parenthesis. Data used 
are first differences of observations. 
22* Constant ax^ aXg ax3 AX4 ^Xg AXg AX^ a x q AXq AX^ 




















































































aObservâtions for 1942 through 1946 are deleted in the estimation of 
equations 19 through 22. 
Table 58. Total egg production (A Xi g), 1935 to 1959*: showing regression 
coefficients with their standard errors in parenthesis. Data used 
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26* .0045 I .1322 .043) .0034 (.034) -.0881 (.052) -.0218 (.022) -.0034 (.026) .1202 (.060) .1888 (.066) .5590 (.295) 




















aObservations for 1942 through 1946 are deleted in the estimation of 
equations 25 through 28. 
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Table 59. Summary of statistical tests for equations 
1 through 28. 
Equation 
R2a . »b __c number d F 
1 .883 1.16*d 2.31 N.S.d 
2.71# 2 .914 1.30* 
3 .902 1.30* 3.21* 
4 .930 1.46* 3.84* 
5 .880 1.24* 6.37**d 
6 .911 1.25* 7.39** 
7 .873 1.30* 5.69** 
8 .918 1.34* - 8.56** 
9 .884 1.22* 2.04 N.S. 
10 .899 1.30* 2.54 N.S. 
11 .899 1.26* 2.66* 
12 .917 1.38* 3.64* 
13 .862 .91* 3.88* 
14 .881 '* " .92* 17.34** 
15 .882 1.30* 3.00 N.S. 
16 .911 1.30* 6.59** 
17 .242 .93* .68 N.S. 
18 .244 1.09* .69 N.S. 
19 .560 1.77* 1.80 N.S. 
20 .601 1.92* 2.14 N.S. 
21 .559 1.77* 3.02 N.S. 
22 .535 2.06 U.S. 4.02* 
23 .255 .37** .72 N.S. 
24 .259 .70* .73 N.S. 
25 .599 1.74* 1.89 N.S. 
26 .704 2.83* 3.09 N.S. 
27 .522 1.52* 11.83** 
28 .674 2.00 N.S. 11.48** 
Coefficient of multiple determination. 
t>Durb in-Wat s on autocorrelation statistic. 
CF value for the contribution of the price-cost 
variables in the battery of all regressor variables. 
dN.S. = Hot significant, P >.05. 
* = Significant at the 5 per cent level. 
** = Significant at the 1 per cent level. 
* = Inconclusive at the 5 per cent level. 
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equations are reestimated deleting observations for the years 
1942 to 1946.This raises the R^ values considerably. In 
the final 2 equations of Tables 57 and 58 the variables in 
the preceding 2 equations whose coefficients are less than 
their standard errors are deleted. 
First differences equations which includ'e the war years 
data are clearly Inadequate. There is little to suggest from 
the computed tests that any other functional form is superi­
or. Estimates made from original data or their logarithms 
O T 
have satisfactory R values, while d statistics are general­
ly within the inconclusive range. The equations give a 
• highly conflicting account of the effects of certain varia­
bles, however. In non-first differences equation 1 through 
16 the coefficients of the culling decision variable, Xg, 
are strongly positive, while the coefficients of the 
broiler to egg price ratio variable in the first half of 
the current year, Xg, are strongly negative. These effects 
are reversed in the first differences analyses which omit 
the war years. There is a strong negative trend in both 
Xg and Xg during the period of analysis. They are hence 
highly correlated with each other (rg g and rg ^  are both 
.9). With the relatively short series from which the 
estimates are made, the coefficient estimates of Xg and Xg 
*Where a low value follows from the omission of rel­
evant variables from the equation, some coefficient estimates 
may be biased. See Griliches (36). 
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are highly negatively correlated. This is largely obviated 
in the first differences equations. There is similarly a 
problem of strong positive trends in the hog to egg price 
ratio variables Xg and Xy, and the correlations between 
these variables and Xg and Xg are consequently large and 
negative. This is again largely obviated in the first dif­
ferences equations. For these reasons most conclusions will 
be drawn from estimates based on first differences. First 
differences of logarithms give somewhat better R^, d', and 
F values than first differences of original observations. 
Coefficients are also more stable using the former data. 
Factors associated with time, as we would expect, have 
been most clearly associated with changes in total egg pro­
duction. Time, X^i* in all cases more adequately accounts 
for growth in output than production per layer, though the 
differences in estimation efficiency are very small. The 
separate effects of changes in output per layer and the 
passage of time can be gauged from the first differences 
equations. Equations 25 through 28 indicate a marked 
separate effect of changes in output per layer, with a 
response elasticity of from .4 to .6. These are more reli­
able estimates than those of equations 9 through 16 in which 
response elasticities are from 1.5 to 1.8. Unless changes 
in production per layer cause changes in the number of layers 
on farms, the response elasticity to X^Q acting alone cannot 
be greater than 1. Coefficients of X^q in equations 9 
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through 16 must hence reflect many other biological, mechan­
ical, and market innovations brought in over time. 
A further indication of the separate expansion effects 
of production per layer and other time factors is seen from 
a comparison of the coefficients of X-^ in equations 9 
through 16, and the constant terms of equations 23 through 
28. In the former equations time alone accounts for the 
total non-price supply shifts, and appears to do so slightly 
better than does egg production per layer. From these equa­
tions it is estimated that egg supply has expanded at an 
average annual compound rate of 4.4 per cent. First differ­
ences of logarithms equations, however, estimate that the 
separate supply shift due to time alone has been at the 
annual average compound rate of only 1.1 per cent. This evi­
dence supports Hayami1s hypothesis that most of the shift 
in supply of eggs has been brought about by biological 
innovations as represented by egg production per layer. 
Coefficients of variables X]_ through X^ reflect effects 
of changing feed prices relative to egg prices. In all cases 
the total poultry ration price variables Xg and X^ give more 
reasonable estimates, and equations incorporating these 
P 1 
variables have more satisfactory R , d , and F statistics. 
We expect that the effect of laying hens on farms at the 
beginning of the year on egg production in that year should 
be much greater than the effect of the number of pullets 
starting to lay in the late summer and fall of the year. 
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Then if the feed to egg price ratio in November through May 
is important In determining the number of pullet chicks 
bought, the coefficient of should be larger than that for 
Xg. Hayami (42), using 1926-58 data, found a stronger effect 
for the egg to feed price ratio lagged 1 year. Only in equa­
tions 3 and 4 of this study is the coefficient of X4 greater 
than that of Xg. Equations 11, 12, 20 and 26 indicate a 
stronger effect for Xg, with conflicting evidence for a 
significant effect of X^ at all. The evidence from these 
equations indicates consistently negative coefficients for 
the poultry ration-egg price variables Xg and X^, with 
response elasticities which vary over a wide range, depend­
ing on the functional form, and which variables are included 
or deleted from each formulation. 
The extreme unreliability of coefficients of variables 
Xg through Xg in equations 1 through 16 has already been 
indicated. In equations 19 through 22 and 25 through 28 
the coefficients of Xg are consistently negative, if not 
generally greater than their standard errors, while the 
coefficients of Xg are positive and consistently greater 
than their standard errors. The former effect Indicates 
a weak propensity to cull birds at an earlier age when farm 
chicken prices are high. The latter effect is opposite to 
the non-first differences equations, but is more reliable. 
Coefficients of Xg are also positive and of a similar order 
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to those of Xg. The reasons for positive coefficients of 
Xg and Xg in the first differences equations are not clear. 
Coefficients of the hog to egg price ratio in the first 
half of the current year, Xg, are all negative in the first 
differences equations. The response of egg production to 
changes in this variable are slight, however. Estimates for 
the most part are greater than their standard errors, but 
the elasticity of response remains within the low range of 
from -.01 to -.03. Coefficients of the same variable lagged 
1 year, Xy, are for the most part negative, but very small 
in relation to their standard errors. 
Summary 
Since 1935 there has been a large increase in egg 
production. A rapid expansion took place during the war 
years, but apart from this and minor year to year variation, 
the growth in production has been steady. This has been 
made possible by technological changes In the industry, and 
a separate response to changes In average production per lay­
er has been demonstrated. Estimates of the elasticity of 
this response range from .3 to .6. Price effects in this 
aggregate analysis do not appear to be strong. If most eggs 
produced In a given year come from pullets raised In the 
previous year, we would expect the effect of the feed to egg 
price ratio in the decision period lagged 1 year to be 
stronger than the effect of the same variable for the 
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current year. This appears to be the case where feed grains 
alone are considered, but not where the total poultry ration 
cost is considered. During the period 1935 to 1959 there 
seems to have been a weak culling response to farm chicken 
prices. As the farm chicken to egg price ratio increases 
farmers appear to cull their layers at an earlier age. No 
competitive effect has been observed between egg and broiler 
production at the aggregate level. There is, however, some 
evidence for an egg production response to changes in the 
hog to egg price ratio. 
Price responses have not been marked in these analyses. 
This may be evidence for the hypotheses of Helmberger and 
Cochrane (47) that feed costs are the only consequential 
variable costs, and that with the family labor supply 
structure of many small egg producers, egg production may 
continue at existing levels under many price structures 
provided that returns exceed feeding costs. 
Supply of Broilers 
The growth of commercial broiler production has been 
spectacular since 1934 when the U.S. Department of Agricul­
ture first published broiler data. It has risen from less 
than 100 million pounds liveweight in 1934 to over 5g- billion 
pounds liveweight in 1959. Undoubtedly much of this has been 
made possible, by biological and mechanical innovations. 
But possibly more important have been the internal and 
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external economies of scale which have been appropriated 
during the period. Larger units probably reduce per unit 
labor costs and per unit overhead costs quite considerably. 
Growth in broiler production density has made possible the 
establishment of cost saving market outlets. Commercial 
broiler production is characterized by a rapid turnover of 
working capital, and the growth of the industry has enabled 
appropriate financing institutions to be established which 
have further encouraged broiler production. 
The structure of the broiler industry is simpler than 
that of the egg industry. Broiler production is concentrated 
in the South Atlantic and South Central Regions. It is a 
highly specialized operation, and the only alternative use 
for fixed capital, in general, is egg production. Broiler 
production is fairly continuous and from 3 to 5 crops can be 
raised from the same facilities during the year. There is 
some seasonality of production, however. Spring months are 
most conducive to growth and enable a higher stocking 
density. April through June have been the months of greatest 
broiler chick placements. Broiler production is a single 
product enterprise, removing the need for decisions about 
alternative uses of birds. 
The continuous nature of broiler production and the 
relatively short period of production suggest that output in 
any year may be influenced by price conditions operating 
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during that year. Output becomes fairly definitely deter­
mined once the broiler chicks have been placed on farms, 
though Heady, et al. (46) show that the optimum weight for 
marketing can vary by as much as 1 pound, depending on the 
broiler to feed price ratio. The major factors which account 
for total broiler production will therefore be those factors 
which account for the number of broiler chicks placed on 
farms from 2 to 3 months before. 
Due to the continuous nature of the broiler feeding 
enterprise, the analysis of broiler supply is made first on 
an annual basis and secondly on a monthly basis. In the 
first case annual broiler production from 1935 to 1959 is 
related to current and lagged annual average cost-price 
variables. Some simultaneity is bound to exist between 
production and current cost-price ratios, though the extent 
of this mutual interrelationship is not clear. Hayami (42) 
found that with the short series available least squares 
regression estimates involving current cost-price ratios gave 
more adequate results than single equation limited informa­
tion estimates. In the current analysis only least squares 
regression estimates are made. Monthly data on broiler 
chick placements on farms in 22 states are available from 
November of 1954. The second group of analyses relate 
average weekly broiler chick placements during each month 
in these states to lagged monthly movements in cost-price 
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ratios from November of 1954 to December of 1960. The demand 
for broiler chicks virtually determines the supply of broil­
ers from 2 to 3 months later. 
Annual supply of broilers 
Variables used in the analyses of this section are: 
Feed grain to broiler price ratio, year t. Average 
seasonal price ($>) per 1000 pounds of TDN fed from 
feed grains to poultry / average price ($) per 100 
pounds of broilers received by farmers, 
Xg Feed grain to broiler price ratio, year t-1. Xg 
is X]. lagged 1 year. 
X Poultry feed ration to broiler price ratio, year t. 
Average cost (f>) per 1000 pounds of poultry ration/ 
average price ($>) per 100 pounds of broilers received 
by farmers. 
X, Poultry feed ration to broiler price ratio, year 
t-1. X4 is Xg lagged 1 year. 
Xr Egg to broiler price ratio, November (t-1) to May 
(t). Average price ($) per 100 dozen eggs received 
by farmers, November to May/ average price ($.) per 
100 pounds of broilers received by farmers during 
the same period. 
XR Egg to broiler price ratio, November (t-2) to May 
(t-1). Xg is Xj_ lagged 1 year. 
Xy Baby broiler chicks to broiler price ratio, year t. 
Average cost (|) per 100 baby broiler type chicks/ 
average price ($>) per 100 pounds of broilers 
received by farmers. 
XQ Broiler-feed conversion rate, year t. Liveweight 
(pounds) of broilers produced per 100 pounds of 
feed units fed. 
Xg Time. 1935 = 1, to 1959 = 25. 
X^Q Total liveweight production of broilers (million 
pounds) in year t. 
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x1 = log Xj_. _ . 
AXit = Xit " Xit-1* 
Axlt = xlt " Xit-V 
All variables are for the United States. The major item 
of expenditure on broiler farms is feed. It is hypothesized 
that feed price relative to broiler price in the current year 
is an important determinant of total production. Coeffici­
ents of variable indicate the direct effects of changing 
current feed grain prices on broiler production. Coeffi­
cients of variable Xg indicates the effects of changing cur­
rent poultry ration costs on broiler production. The same 
variables lagged 1 year, Xg and X^, are included to indicate 
whether the main responses to cost-price changes come only 
after some lag to enable changes in the fixed capital struc­
ture. Hayami (42) found conflicting evidence for the influ­
ence of current and lagged broiler to feed price ratios on 
broiler production. 
Variables Xg and Xg indicate the relative egg to broiler 
price ratios during the period November to May of the current 
and immediate past years. These are the months when deci­
sions are made for the placement of most pullet chicks for 
egg production and also are the months of most intense 
broiler chick placements. Hayami (42) failed to find any 
significant relationship between the egg to feed price ratio 
" f 
and broiler production, but the income maximization theory 
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of the firm would suggest that the egg to "broiler price ratio 
is a more adequate variable. 
Next to feed, the most important current cost item in 
production is the acquisition of broiler chicks. Annual 
broiler chick prices are only available from 1947. The 
variable X»7 is the annual chick to broiler price ratio. 
Following. Hayami (42) the broiler-feed conversion rate, 
Xg, is introduced to represent technological change. This 
variable is well represented by the logistic function, 
Xo = 18 + 67 
1 + 55.67 e"**1116t 
where t = 1 for 1933. Time, Xg, is also introduced as an 
alternative to Xg in accounting for the spectacular growth 
of broiler production since 1934. 
Equations 29 through 67 of Tables 60 through 63 incor­
porate these variables in accounting for total broiler pro­
duction (X1Q). Analyses are made on original data in equa­
tions 29 through 42, logarithms (except for Xg) in equations 
43 through 55, first differences in equations 56 through 61, 
and first differences of logarithms in equations 62 through 
67. The first 8 equations of each table incorporate 
systematic combinations of the regressor variables. In the 
remaining equations in each table those variables whose 
coefficients are less than their standard errors are deleted. 
Equations incorporating Xy are estimated using data from 
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Table 6o. Total broiler prodaction (X10), 1935 to 1959 and 19^7 to 1959e: 
with their standard errors in parenthesis* Data need are origin 
Equation 
number Constant X^ Xg 
29 -6,681.19 -225.15 -391.17 1,821.50 
(326.63) (326.07) (364.39) 
30 -6.056.U2 821.90 541.81 1,353.91 
(615.94) (815.OO) (443.07) 
31 -4,004.35 -571.38 -590.34 2,316.16 
(509.61) (488.28) (481.73) 
32 -4,724.03 1,384.70 1,821.35 1,303.02 
(666.53) (711.62) (506.11) 
33* -8,409.81 376.74 553.86 1,233.78 
(491.62) (563.07) (^8.07) 
34a -7,109.80 986.98 1,391.65 893.66 
(1,023.66) (1,207.62) (607.31) 
35® -4,851.66 111.50 -243.47 1,229.06 
(335.26) (475.30) (331.48) 
36& -4,959.26 -53.49 -422.43 1.265.69 
(865.10) (1,211.46) (477.11) 
37 -6.665.78 -390.59 1.746.56 
(321.78) (343.20) 
38 -6,295.50 781.36 1,381.07 
(604.30) <434.98) 
39 -4.oo4.35 -571.38 -590.34 2,316.16 
(509.61) (488.28) (481.73) 
Equations Incorporating Xy are estimated from data for 1947 to 1959. 
1959 and 1947 to 1959** showing regression coefficients 
Ls* Data ueed are original values of observations. 












































































m data for 1947 to 1959 
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Table 60. ( Continued) 
Equation 
number Constant X^ Xg X^ X^ X^ X^ 
4o -4,802.54 1,612.16 2,277.71 1,263.9s 
(595.U5) (488.23) (488.44) 
4lB -7,818.39 1,386.88 1,017.40 2 
(433.26) (350.30) (1 
42® -6,994.94 2,000.20 1,185.48 4 
(720.05) (450.34) (1 























Table 61. Total broiler production (x1(0, 1935 to 1959 and 19^7 to 1959*: showing regression 
coefficients with their standard errors in parenthesis. Data used are logarithms 
of observations, except for time (Xg). 
Sq. juq
no. Constant =1 =2 x3 *4 *5 =6 =7 =6 *3 






























46 1.9865 -1.3040 
(.416) V.Z] .2744 (.354) -.2315 (.353) .0916 (.006) 
























49s 1.9854 -.2251 
(.400) 
-.0439 
(.490) ?.%% .3100 (1.014) .0830 (.024) 












^Equations Incorporating X-, are estimated from data for 19%7 to 1959» 
\ 
Table 6l. (Continued) 
Bq.» 
no. Constant x^ =2 
*3 *4 =5 =6 x7 =8 h 
























Table 62. Total broiler production (ûX^g), 1935 to 1959 and 1947 to 1959*: 
showing regression coefficients with their standard errors in 
parenthesis. Data used are first differences of observations. 
JSq. 
no. 
Constant A X^ AXg ax4 aXg a%6 *x7 *X8 


























































aEquationa incorporating are estimated from data for 1947 to 1959. 
Table 63. Total broiler production (AX-^Q), 1935 to 1959 and 1947 to 1959a : 
showing regression coefficients with their standard errors in 
parenthesis. Data used are first differences of logarithms of 
observations, except for time (X-J_Q) • 
Eq. Con-
no . stant A X, AX, A X„ AX, AX, AX, AX .A X 8 
62 .0728 -.1761 -.2331 .0667 -.1000 .0775 
( .157) ( .174) ( .279) ( .284) (.983) 
65 .0716 -.3998 .1540 .1690 -.2504 .2589 
(.375) (.389) ( .286) ( .286) (.889) 
64a .0532 .0700 .1070 .2273 — .1574 — .1077 1.0075 
( .220) ( .295) ( .282) ( .296) ( .701) (1.348) 
65a .0552 -.1502 -.4681 .2985 — .0514 — .1557 1.1806 
(.547) ( .747) ( .345) ( .517) ( .649) (1.279) 
66 .0732 — .1767 -.2536 
( .140) ( .135) 
67 .0745 -.3637 
(.272) 
^Equations incorporating Xy are estimated from data for 1947 to 1959. 
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Table 64. Summary of statistical tests for equations 
29 through 67. 
Equation 
number R2* A'» FC 
29 .982 1.76** 8.89**d 
30 .982 1.30* 8.99** 
31 .965 1.10* 12.11** 
32 .977 1.15* 20.63** 
33 .989 2.66* 6.80** 
34 .990 2.54* 7.15** 
35 .995 1.81* 3.88** 
36 .994 1.73+ 3.66* 
37 .981 1.73* 12.01** 
38 .982 1.25* 12.18** 
39 .965 1.34* 12.13** 
40 .976 1.19* 27.85** 
41 .987 2.48* 11.72** 
42 .986 2.30* 11.09** 
43 .908 .52** 1.16 N.S, 
44 .894 .47** .41 N.S, 
45 .981 .75** 1.71 N.S, 
46 .988 1.27* 5.26** 
47 .973 1.04* .64 N.S, 
48 .975 1.06* .81 N.S, 
49 .975 .91* .65 N.S, 
50 .973 .95* .52 N.S, 
51 .902 .70** 3.69 N.S, 
52 .891 .31** 1.23 N.S, 
53 .980 .82** 3.06 N.S, 
54 .987 1.24* 10.45** 
55 .970 1.06* 3.86 N.S 
56 .357 1.45* 2.50 N.S 
57 .372 1.69* 2.66 N.S 
58 .809 1.05* 3.12 N.S 
59 .809 .95* 3.12 N.S 
60 .796 1.23* 6.69* 
61 .746 1.02* 7.82** 
62 .167 2.12* .84 N.S 
63 .168 2.27* .84 N.S 
64 .500 .89* .98 N.S 
65 .509 .72* .98 N.S 
66 .149 2.15 N.S. 1.84 N.S 
67 .075 2.13 N.S. 1.78 N.S 
^Coefficient of multiple determination. 
^Durbln-Watson autocorrelation statistic. 
CF value for the contribution of the price-cost 
variables in the battery of all regressor variables. 
%.S. = Not significant, P >.05. 
* = Significant at the 5 per cent level. 
** = Significant at the 1 per cent level. 
* - Inconclusive at the 5 per cent level. 
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1947 through 1959. Other equations are estimated using data 
from 1955 through 1959. A summary for the statistical tests 
is given in Table 64. 
Problems raised by high intercorrelations among repres­
sor variables are even more accute in the analyses of broiler 
supply than they were for egg production. Since 1935 there 
has been a steady decline in the prices of broilers relative 
to all prices received by farmers, and since 1948 there has 
been a steady absolute decline in broiler prices. Hence all 
price series deflated by broiler prices possess marked posi­
tive trends over time. All these variables are highly 
positively correlated with correlation coefficients from 
.74 to .94. The problem becomes particularly accute in 
regressions incorporating Xy, since the series are so short. 
The problem of high regressor intercorrelation and small 
sample size is apparent from the extreme variability of 
signs and values of coefficients in equations 29 through 55. 
The problem of high regressor inter correlation is 
obviated by analyses of first differences data. Of these 
the regressions using first differences of original observa­
tions account most adequately for year to year changes in 
total broiler production, but even in these equations, with 
coefficient of multiple determination in excess of .8, the 
short series available preclude the making of rigorous 
inferences. Most Inferences which are drawn come from first 
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differences equations for the period 1947 through 1959. 
Contrary to the situation for egg producers, there 
appears to be a marked response on behalf of broiler produ­
cers to year to year changes in the relative price structure. 
This is most evident from analyses for the period 1947 
through 1959, when the industry has been of a sufficient size 
to support well organized financing and market processing 
institutions. 
Despite the continuing relative decline in broiler 
prices, broiler supplies have continued to expand rapidly. 
Technological changes and innovations must therefore have 
been rapidly decreasing per unit costs to enable this 
industry expansion to take place. Time or technological 
change are certainly the strongest variables associated 
with change in broiler production. There is little evidence 
to suggest that either Xg or Xg is the better explaining 
variable in equations 29 through 55. Separate effects are 
estimated in the first differences equations. Coefficients 
of Xg are negative in equations 58 through 60 and positive 
in equations 64 through 65, though they are generally small 
in relation to their standard errors. Equations estimated 
from the logarithms of data or their first differences all 
indicate a high compound annual rate of shift in supply 
(estimates averaging 20.8 and 16.6 per cent respectively) 
associated with time. This, together with the fact that 
coefficients of Xg in the first differences equations are 
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small, suggests that biological innovations may have been 
of smaller importance in explaining the rapid expansion of 
broiler production than Hayami suggests. But the various 
trend factors are so highly interrelated that little can be 
said from this analysis about their specific effects. 
Equations 58 through 61 and 64 and 65 suggest that in 
spite of the association between a secular downward movement 
in the price of broilers and a secular upward movement in 
the production of broilers, there is a negative response in 
broiler production to a decline in the price of broilers 
relative to the price of feed. The greatest production 
response takes place in the year following the price change. 
The evidence for à current response to a change in the feed 
to broiler price ratio is scant, but equations 59 and 65 
indicate a supply elasticity with respect to Xg of -.13 to 
-.16. The response to changes in X^ is much stronger, with 
an estimated elasticity of from -.43 to -.54. The lagged 
production response is also evident with respect to changes 
in the feed grain to broiler price ratio, Xg, though the 
response is less marked, with a most likely elasticity 
between -.11 and -.18. 
Coefficients of the egg to broiler price ratio in the 
first half of the year, X5, are strongly positive, particu­
larly in the first differences equations. This is contrary 
to our expectations if egg and broiler production are really 
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competitive, and even more surprising in view of the observed 
positive effect of changes in the broiler to egg price ratio 
in the same period on egg production. No significant direct 
relationship exists between year to year changes in egg and 
broiler production, however. Neither is there a consistent 
nor significant response associated with changes in Xg, the 
November to May egg to broiler price ratio lagged 1 year. 
First differences analyses from 1947 to 1959 indicate 
that there has been a marked response to changes in the cost 
of broiler chicks relative to finished broilers. Equations 
58 through 61 indicate a consistent supply response to this 
variable with an elasticity of the order of -.4. 
Monthly placement of broiler chicks 
The analysis to this point has been made on the hypothe­
sis that broiler supplies for a given year are largely 
determined by average prices which operate or have operated 
during the current or past year, or during the November to 
May months. The continuous nature of broiler production 
has already been noted, however. In view of this fact a 
more appropriate basis for analysis may be to relate broiler 
output in a very much shorter period than a year to price 
variables operating at a time when decisions for the output 
are made. 
Data are available since November of 1954 for the weekly 
broiler chick placements on farms in 22 broiler producing 
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states. Broiler chick placements in any month determine the 
supply of "broilers from 2 to 5 months later. There is usual­
ly a lag of up to 4 weeks between the time when chicks are 
ordered and the time when chicks are placed. In the current 
phase of the analysis average weekly broiler chick placements 
during each month are related to average price ratios operat­
ing in the preceding month. 
Hayami (42) also analyzed broiler supply from monthly 
data. In contrast to his analysis of annual data, he found 
a significant response to broiler price using monthly data. 
Eayami made no allowance for seasonal variation not arising 
from price effects, however, and consequently his estimating 
equations neglect a large element of monthly variation, and 
autocorrelation of errors is high. This component of varia­
tion is accounted for in the current analysis through the 
incorporation of variables which are trigonometric functions 
of time within the basic period of a year. The use of 
trigonometric time variables in the analysis of periodic 
data is' described by Bliss (9). In the models of the current 
section it is assumed that after seasonal variation and 
secular trend have been removed, month to month variation 
in monthly broiler chick placements is a linear function 
of price ratios operating in the preceding month. 
Variables used in this analysis are : 
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Broiler-feed price ratio at mid-month, t-1. Number 
of pounds of broiler growing mash equal in value 
to 1 pound of live broiler. 
Xg Egg-feed price ratio at mid-month, t-1. Number of 
pounds of poultry ration equal in value to 1 
dozen eggs. 
Xg Egg-broiler price ratio at mid-month, t-1. Average 
price per dozen eggs received by farmers / average 
price per pound weight of commercial broilers 
received by farmers. 
X4 Chick-broiler price ratio at mid-month, t-1. Aver­
age price per chick paid to commercial hatcheries / 
average price per pound weight of commercial 
broilers received by farmers. 
Xg Sin & m; & = 2 7T/12, m = 1 to 12 for January 
through December. 
X_ Cos y m. b 
X^ Month. November, 1954 = 1, to December, 1960 = 74. 
Xg Average weekly broiler chick placements (thousands) 
in 22 important broiler producing states, month t. 
Equations estimating average weekly broiler chick place­
ments are summarized in Tables 65 and 66. Variables used in 
equations 68 through 82 are untransformed, while those of 
equations 85 through 95 are first differences. 
The equations account for month to month variation of 
Xg quite well. Strongly positive coefficients of X7 and a 
comparison of the values of Tables 65 and 66 indicate 
that a large source of variation throughout the 6 year period 
has been accounted for by a positive linear trend. The P 
values indicate, however, that price ratio variables account 
for a significant portion of monthly variation in chick 
Table 65. Average weekly broiler chick placements, by oontha, for 22 states (Xg), November 1954 to 
December i960. Data used are original values of observations. 
no. Constant X1 *2 x3 *4 =5 *6 x7 d' Z 












.917 1.21*** 5.11**4 












.915 l.l6** 4.4o** 










.913 1.18** 5.58** 










.917 1.24** 7.43** 










.914 1.13** 6.18** 
^Coefficient of multiple determination. 
^Durbin-Watson autocorrelation statistic. ^ 
CF value for the contribution of the price-cost variables in the battery of all regressor 
variables. 
àN.S. Not significant, P > .05. 
* Significant at the 5 per cent level. 
** Significant at the 1 per cent level. 
Table 65. (Continued) 
"2Cq# 
no. Constant 
*1 *2 *3 % "5 %6 X7 
e 
F 








.902 1.01** 2.70 N.S.1 










.915 1.10** 6.58** 










.915 1.14** 9.72** 








.651 .51** 2.30 N.B. 






.666 .54** 5.28** 






.650 .51** 3.48*d 






.645 .51** 2.86 N.S. 




.638 .50** 4.40* 
81 26.448 i:S8> -10.276 (7.206) .211 (.020) .638 .52** 2.16 N.S. 






.670 .59** 5.71** 
Table 66. Average weekly broiler chick placements, by months, for 22 states ( AXg), November 1954 
to December i960. Data used are first differences of observations. 
Sq. 
no. Constant a%2 **3 **5 
y b d' 
c 
F 










.523 2.4I*4 4.32*d 










.512 2.33 * 3.73*° 








.447 2.21 N.S.d .95 H.s. 








.439 2.27 * .46 N.S. 








.512 2.31 * 5.61** 
^Coefficient of multiple determination. 
%Durbin-Wat son autocorrelation statistic. 
% value for the contribution of the price-cost variables in the battery of all regression 
variables# 
%.S. Not significant, P ^ .05. 
* Significant at the 5 per cent level. 
Significant at the 1 per cent level. 
+ Inconclusive at the 5 per cent level. 
Table 66. (Contlzmed) 
ne. Constant A ^  *%6 S e F 






.43 g 2.26 H.S. .gg N.S. 








.443 2.38 4 .73 N.S. 








.445 2.39* .84 N.S. 






.177 1.72 N.S. 4.96** 






.152 1.70 + 4.13** 




.093 1.67"f= 3.60* 




.115 1.71 N.S. 4.53* 




.111 1.52 * 4.36* 
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placements after seasonal fluctuations and time trend are 
accounted for (by variables Xg and Xg, and X^ respectively). 
Parameter estimates for price variables at first sight 
show little consistency from equation to equation. Coeffi­
cients of variables X-j_ through X^ in all non-first differ­
ences equations incorporating trigonometric variables Xg and 
Xg all have signs which are opposite to those expected. 
There has been a consistent decline in broiler prices 
throughout the period, however, associated with a consistent 
secular increase in broiler chick placements. Poultry 
prices also display some seasonal variation. Variables 
X-j_ through X^ are all correlated with Xg with correlation 
coefficients between .4 and .6. Variables Xg through X^ 
thus together account for variation in variables X^ through 
X^ quite well. This has undoubtedly confounded the estima­
tion of the true effect of changes in prices relative to 
broiler prices on chick placements in equations 68 through 75. 
Attempts have been made to overcome these problems by 
the deletion of the trigonometric variables in equations 76 
through 82, and the removal of the linear time trend effect 
in first differences equations 83 through 95. Trigonometric 
variables Xg and Xg are also deleted in first differences 
equations 91 through 95 to test whether these variables take 
to themselves seasonal variation in Xg which should more 
appropriately be attributable to the price variables. 
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First differences transformations do not change the general 
order of association between the price variables and Xg and 
v 
Signs of the coefficients of variables X^, Xg, and Xg 
are all reversed in moving to equations 76 through 95, though 
there is still considerable variation in parameter estimates. 
Coefficients of X-j_ are large in first differences equations 
which also include variable X^. Coefficients of this latter 
variable are strongly positive in first differences equa­
tions, contrary to expectations, though they are quite in­
consistent in equations of Table 65 which do not contain 
variables Xg and Xg. The taking of first differences 
markedly increases the correlation between variables Xj and 
X4 (from -.51 to -.81) and it appears that effects of each 
are not adequately separated in first differences equations 
incorporating both variables. Yet a fairly consistent 
positive coefficient appears to be associated with variable 
X^ when variable X^ is not included. Estimates of the 
elasticity of response of Xg with respect to this variable 
range from .15 to .30 in equations other than 68 through 75 
which do not include X^. This is somewhat wider but includes 
the same range of elasticity estimate for the comparable 
current variable in the analysis of annual broiler supply. 
Coefficients of the egg price variables Xg and X^ are 
consistently positive in equations 68 through 75, reflecting 
the outcome of the analysis based on annual data, but 
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become negative (with the exception of the coefficient of 
Xg in equation 85) in other formulations. Estimates of the 
elasticity of response of Xg with respect to Xg range between 
0 and -.3, while those with respect to Xg range between 
0 and -.4. 
The analysis of monthly chick placements by harmonic 
analysis adds little information to our knowledge of broiler 
supply. It has been suggested that the trigonometric varia­
bles Xg and Xg may take to themselves seasonal variation in 
Xg which should more appropriately be attributable to the 
price variables. Evidence to support this hypothesis is 
seen in a comparison of first differences equations which 
include Xg and Xg (83 through 90) with those which do not 
(91 through 95). In an equation by equation comparison, 
coefficients of variables X^, Xg, and Xg are generally 
greater in the latter group, though standard errors are also 
consistently larger. P values are also generally significant 
at a higher probability level in the latter group of equa­
tions. Yet price variables alone do not adequately account 
for seasonal variation in broiler chick placements, as is 
indicated by the low values and inadequate d' statistics 
in those equations in which Xg and Xg are deleted. 
Summary 
The analyses of annual broiler supplies indicate a 
marked response to price changes, and the analyses of 
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monthly broiler chick placements indicate some response to 
monthly prices. Since 1934 there has been a large expansion 
of broiler production despite declining broiler prices as 
output has grown. Greatest response to changes in the price 
of feed relative to the price of broilers takes place in the 
year following price change, possibly as the fixed and work­
ing capital position of farmers is adjusted. Estimates for 
the elasticity of broiler supply with respect to the poultry 
feed ration to broiler price ratio lagged 1 year range 
between -.4 and -.5, while estimates of the elasticity of 
response with respect to the current value of the same 
variable range between -.13 to -.16. Estimates of monthly 
response of chick placements to a similar variable lagged 
1 month are of the same order. Significantly positive 
coefficients are associated with the egg to broiler price 
ratio. The analyses of annual data suggest a marked response 
in output of broilers to changes in the cost of broiler 
chicks relative to finished broilers, with an elasticity 
of the order of -.4, but the series available for this price 
variable is too short to enable any sound inference to be 
made. The effect of this variable in the monthly analysis 
appears to have been confounded by"~other variables. 
Supply of Turkeys 
The increase in turkey production in the United States 
since 1935 has been more than 4-fold. Liveweight production 
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was less than 300 million pounds in 1935 and more than 1300 
million pounds in 1959. Except for1 a general decline in the 
4 immediate post-war years, the increase has been steady. 
Commercial turkey production became technically feasible 
in the 1930's largely as a result of disease prevention 
techniques. This has necessitated the physical separation 
of turkeys from other poultry stock, and as a result turkeys 
and other poultry enterprises have not been raised together 
on farms, though they may be competitive between years. In 
contrast to broilers, turkey production, in general, is not 
continuous throughout the year. Turkey slaughtering is 
highly seasonal, being tied to the demand for Thanksgiving 
and Christmas turkeys in November and December. Almost all 
turkeys now sold are frozen, however, and there has been an 
increasing latitude in time of turkey slaughter for this 
seasonal demand as processing facilities have enlarged. 
Also characteristic of the last decade has been the 
increasing importance of the light weight turkey fryer. 
These birds are sold at 14 to 16 weeks at around 8 pounds 
liveweight, in comparison to the large hens and toms sold 
at around 24 weeks. The light weight fryers are normally 
the same breeds as the heavy weight turkeys, but are 
slaughtered early to be more acceptable for family consump­
tion and to appropriate the economies of more efficient feed 
utilization at lighter weights. Heady et al. (45) show that 
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the optimum weight of turkeys for slaughter varies consider­
ably with the turkey-feed price ratio. Farms producing 
lightweight fryers also tend to be more continuous in their 
production operation throughout the year. 
The highly seasonal nature of turkey production indicates 
that production may be well accounted for by variables which 
pre-date the production period. For this reason the analysis 
using data from 1935 to 1959 is made on an annual basis relat­
ing current annual turkey production to lagged price ratios 
and the current turkey-feed conversion rate or time. A 
monthly analysis utilizing seasonal variables was also made, 
but with poor results. No within year response was detected. 
Variables used in the analyses of annual production are : 
X-j_ Feed grain to turkey price ratio, October to 
December, year t-1. Average price ($) per 1000 
pounds of TDN fed from feed grains to poultry, 
October to December/ average price ($) per 100 
pounds of turkeys received by farmers during the 
same period. 
Xg Feed grain to turkey price ratio, October to Decem­
ber, year t-2. Xg is Xj_ lagged 1 year. 
Xg Poultry feed ration to turkey price ratio, October 
to December, year t-1. Average cost ($) per 1000 
pounds of poultry ration, October to December/ 
average price ($) per 100 pounds of turkeys re­
ceived by farmers during the same period. 
X^ Poultry feed ration to turkey price ratio, October 
to December, year t-2. X^ is Xg lagged 1 year. 
Xg Egg to turkey price ratio, October to December, 
year t-1. Average price (f;) per 100 dozen eggs 
received by farmers, October to December/average 
price ($) per 100 pounds of turkeys received by 
farmers during the same period. 
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Xg Egg to turkey price ratio, October to December, 
year t-2. Xg is Xg lagged 1 year. 
Xy Broiler to turkey price ratio, October to December, 
year t-1. Average Price ($) per 100 pounds of 
broilers received by farmers, October to December/ 
average price ($) per 100 pounds of turkeys received 
by farmers during the same period. 
X Broiler to turkey price ratio, October to December, 
year t-2. Xg is Xy lagged 1 year. 
Xg Hog to turkey price ratio, October to December, 
year t-1. Average price (f>) per 100 pounds of hogs 
received by farmers , October to December / average 
price ($) per 100 pounds of turkeys received by 
farmers during the same period. 
X-^Q Hog to turkey price "ratio, October to December, 
year t-2. X10 is X-^ lagged 1 year. 
Xii Turkey-feed conversion rate, year t. Liveweight 
(pounds) of turkeys produced per 100 pounds of 
feed units fed. 
X12 Time. 1935 = 1, to 1959 =25. 
X._ Total liveweight production of turkeys (million 
pounds ) in year t. 
Xj_ = log Xv 
AXit = Xit " Xit-1* 
^xit = xit " xit-l* 
Variables X^ through X^^ are considered to be relevant 
price ratios accounting for variation in turkey production. 
All apply to the period October through December, which is 
the time when the greatest returns to turkey production are 
appropriated. Hayami (42) used various price ratios for 
certain times of the current year to account for variation 
in turkey production, but none proved to be of any consistent 
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consequence. 
Following the analyses of egg and broiler supply, 
coefficients of variables and Xg Indicate the direct 
effects of changing feed grain prices relative to turkey 
prices on turkey production, while coefficients of variables 
Xg and X^ indicate the effects of changing all poultry ration 
costs relative to turkey prices. 
Variables Xg through X^ reflect the returns to poten­
tial production competitors at the time of greatest turkey 
sales. Eggs and broilers are potential competitors in that 
poultrymen can most easily adapt their capital and knowledge 
to these enterprises. The highest concentration of turkey 
raising is in the North Central Region. In this region they 
compete for available feed and labor with hogs. Relative 
profitability of eggs in the 2 prior years is indicated by 
variables Xg and Xg, relative profitability of broilers by 
Xy and Xg, and relative profitability of hogs by Xg and X^Q. 
The turkey-feed conversion rate, X^l' is taken to 
represent technological change. Hayami (42) shows that this 
variable can be estimated from the logistic function 
Xl1 = 12 + i* 42!o7e"0899t 
where t = 1 for 1929. Time, X^g, is introduced as an altern­
ative supply shifter to X^ for the period. 
Results of the supply estimates of annual turkey 
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production are summarized in Tables 67 through 70. Equations 
96 through 107 of Table 67 are estimated from original obser­
vations . Equations 108 through 119 of Table 68 are estimated 
from logarithms of these data, except for time, In. 
Table 69 equations 120 through 131 are estimated from first 
differences of original observations, while equations 132 
through 143 of Table 70 are estimates from first differences 
of logarithms. The relevant statistics of these equations 
are summarized in Table 71. 
No particular functional form can be excluded on 
a priori grounds. With the exception of the broiler to 
turkey price ratio, there are no marked trends in the rela­
tionship of turkey to other prices, and even this exception 
does not appear to be critical. Logarithm!c equations all 
have larger coefficients of multiple determination than 
their non-logarithmic counterparts. This is more marked for 
the battery of first differences equations. In no formula­
tion does autocorrelation of errors appear critical. The 
first differences equations, however, generally reduce auto­
correlation between errors. As in the case of broiler supply 
the equations account for a considerable proportion of year 
to year variability in annual production. Again there 
appears to have been a marked price response on behalf of 
turkey producers. 
Contrary to results obtained by Hayami (for the period 
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Table 67» Total turkey production (X^_), 1935 to 1959$ showing regression coefficients vi 
Data used are original values of observations. 
Equation 
number Constant =1 
*2 =3 =4 =5 *6 X7 
























































































showing regression coefficients with their standard errors in parenthesis* 
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Table 68. Total turkey production (x^). 1935 to 1959' shoving regression coefficients with 
their standard errors in parenthesis. Data used are logarithms of observations, 
except for time (^g)« 
Eq. 
no. Constant 
*1 *2 *3 *4 =5 =6 =7 =8 =9 x10 *11 3CL2 


































111 2.7116 .1816 .1900 
(.159) (.157) mil 
.0032 -.014) 
(.132) (.514) 















































<:$> .4674 (.300) -1.7966 (.328) .0384 (.180) .9960 (.710) 
Table 68, (Continued) 
35q, 
no. Constant =2 *3 =4 *5 =6 =7 *8 =9 *10 *11 =12 
117 1.6122 .3436 .2191 -1.7694 -.0382 .8855 
(.215) (.320) (.298) (.175) (.636) 
118 2.4207 -.1176 .2061 -.4886 -.1910 .0232 
(.088) (.152) (.249) (.100) (.003) 
119 2.414! -.1380 .2562 -.4963 -.1959 .0234 
(.147) (.178) (.264) (.102) (.004) 
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Table 69. Total turkey production ( A ï^ j), 1935 1959* shoving regression coefficients 
in parenthesis. Data used are differences of observations. 
Equation 
number Constant ûlg ax6 6=7 l 

























123 47.92 -70.89 
(118.02) 
29.28 
(119.1#) -331.66 (213.73) 
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130 4o.ll -50.46 (61.88) 125.57 (72.98) -354.57 (158.85) 






to 1959% showing regression coefficients with their standard errors 
ences of observations. 
A 2^ =^5 6=7 AXg 
**9 AIlO 
AXU 
127.55 9.02 -443.87 -55.31 -147.27 -307.93 -35.21 
(102.60) (110.53) (197.76) (187.50) (173.96) (156.35) (35.50) 
8.90 145.73 33.44 -402.51 -48.03 -137.24 -289.59 -34.85 
(136.91) (110.24) (122.18) (216.43) (205.46) (176.18) (155.87) (33.66) 
-351.65 -37.3% -133.90 -315.61 -29.07 
(192.95) (179.05) (159.33) (159.28) (33.04) 
29.2g -331.66 -45.56 -108.25 -315.79 -31.48 
(119.%9) (213.73) (211.09) (160.78) (157.69) (32.38) 
143.37 49.03 -378.02 -55.57 -228.37 -261.27 
(101.42) (103.13) (186.64) (187.56) (154.14) (149.3%) 
-21.91 165.96 75.91 -327.05 -36.93 -223.36 -244.10 
(133.95) (108.76) (115.36) (204.28) (205.67) (155.69) (149.91) 
-290.47 -15.68 —186.09 -272.04 
(178.79) (176.17) (146.89) (150.37) 
23.45 -272.89 -30.26 -168.53 -276.76 
(119.15) (204.68) (210.17) (148.11) (152.24) 
131.12 -385.83 -184.01 -15.52 
(75.30) (173.83) (153.98) (31.19) 
135.98 -354.59 -159.84 -19.25 
(73.81) (176.04) (154.55) (30.97) 
125.57 -354.57 -210.06 
(72.98) (158.85) (141.92) 
129.12 -320.87 -194.12 
(71.79) (164.73) (142.01) 
Table 70. Total turkey production ( Ax^), 1935 to 1959$ showing regression coefficients with 
their standard errors in parenthesis. Data used are first differences of logarithms 
of observations, except for time (X^g)* 
Eq, 
no» Constant zx*l AXg **3 =^6 
<
 Ax10 Axll 




























































































































Table 70, (Continued) 
Bq, 
ne. Constant ÛX1  ^xg  ^Xj *^4 *^5 *^6  ^x7 -Ajg *^5 A %io Axll 
l4l .0233 -.1955 .1986 -.4434 -.0859 .2458 
(.123) (.i4o) (.194) (.099) (.601) 
142 .0224 -.1251 .1916 -.5181 -.0785 
(.076) (.140) (.182) (.091) 
143 .0239 -.2162 .2050 -.4612 -.0707 
(.109) (.136) (.185) (.089) 
Table 71. Summary of statistical teats for equations 96 through. 143. 
Equation 
number R2& FC 
Equation 
number R2& d* FC 
96 .927 1.17*d 5.78**d 120 .572 2.23* 2.21 N.S 
97 .956 1.32* 10.79** 121 .590 2.05* 2.39 N.S 
98 .887 .79* 4.64** 122 .491 2.55* 2.41 N.S 
99 .954 1.30* 15.66** 123 .504 2.45* 2.55 N.S 
100 .966 1.14* 1.98 N.S.d 124 .541 2.52* 2.21 N.S 
101 .969 1.26* 2.27 N.S. 125 .559 2.31* 2.37 N.S 
102 .948 .93* .94 N.S. 126 .466 2.67* 2.47 N.S 
103 .965 1.45* 2.70*6 127 .475 2.55* 2.56 N.S 
104 .881 1.49f 7.13** 128 .437 2.46* 3.25* 
105 .917 1.98 U.S. 12.27** 129 .454 2.07* 3.50* 
106 .955 1.19* 2.57 N.S. 130 .429 2.56* 3.57* 
107 .958 1.48* 3.01* 131 .442 2.58* 3.77* 
108 .956 1.35* 8.19** 132 .693 1.96* 3.12* 
109 .961 1.37* 9.40** 133 .709 1.84* 3.40* 
110 .950 1.32* 9.15** 134 .639 2.17* 3.65* 
111 .959 1.49* 13.37** 135 .667 2.05* 4.19* 
112 .979 1.28* 2.33 N.S. 136 .691 1.98* 4.19** 
113 .977 1.17* 2.11 N.S. 137 .708 1.86* 4.54** 
114 .978 1.24* 2.98* 138 .637 2.14* 4.97** 
115 .975 1.19* 2.41 N.S. 139 .667 2.04* 5.67** 
116 .914 1.56* 8.27** 140 .550 2.06 N. S. 4.05* 
117 .924 1.62* 9.91** 141 .570 1.95 N. S. 4.37* 
118 .976 1.42* 4.27* 142 .542 2.03 N. S. 5.62** 
119 .975 1.34* 3.88* 143 .566 1.95 N. S. 6.19** 
Coefficient of multiple determination. 
^Durbin-Watson autocorrelation statistic. * 
CF value for the contribution of the price-cost variables in the battery 
of all regressor variables. 
dN.S. = Not significant, P >.05. 
# = Significant at the 5 per cent level. 
** - Significant at the 1 per cent level. 
• = Inconclusive at the 5 per cent level. 
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1930 to 1958), in all equations time, X^g, accounts for 
growth over the period more adequately than the turkey-feed 
conversion rate . The R^, d' , and F statistics are all more 
satisfactory for those equations in Tables 67 and 68 which 
incorporate X^g rather than Therefore individual 
coefficients are considered to be more adequate for the 
former battery of equations, and most inferences drawn from 
non-first differences equations will be from that set. 
Coefficients of X]_g in the logarithmic equations and the 
constant terms of the equations estimated from first differ­
ences of logarithms indicate that there has been a non-price 
trend in annual turkey production at the compound rate of 
from 5 to 6 per cent per year. Negative coefficients 
associated with X^i in first differences equations again 
probably indicate a more complex form of 'best' trend than 
either a linear or exponential function of time. 
Equations 96 through 119 give conflicting evidence for 
the influence of October through December feed to turkey 
price ratios on turkey production. Coefficients are extreme­
ly unstable from formulation to formulation. A much greater 
coefficient stability is evident from first differences 
equations 120 through 143. Coefficients of X^ and Xg are 
all negative in these equations, and in their logarithmic 
formulation they all exceed their standard errors. It is 
also in equations 132 through 143 that these coefficients 
are most stable. They suggest an elasticity of supply 
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response with respect to of -.2, and a smaller and weaker 
supply response to X^ with elasticity of -.1. Coefficients 
of the same variables lagged 1 year, Xg and X4, are for the 
most part negative but small in relation to their standard 
errors. 
Coefficients of the October through December, t-l> egg 
to turkey price ratio are all positive and on the whole are 
greater than their standard errors. This extends the enigma 
of the competitive position of eggs and other poultry 
products observed in the analyses of eggs and broiler produc­
tion, but indicates that eggs have not been competitive with 
turkeys in production. No consistency is observable in the 
coefficients of this variable lagged a further year, Xg. 
Definite competitive relationships do appear to exist 
between turkeys and broilers and turkeys and hogs. Coeffi­
cients of Xy are strongly negative. The most adequate 
equations of Tables 67 and 68 (those which use time, X^g, 
rather than feed conversion rate, X^l* as the supply shifter) 
and all first differences equations indicate a supply 
response elasticity with respect to Xy of from -.4 to -.6. 
Coefficients of the October to November broiler to turkey 
feed price ratio lagged 2 years, Xg, are also consistently 
negative, though not strongly so. Coefficients from the 
first differences equations and most adequate equations of 
Tables 67 and 68 suggest a supply response elasticity with 
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respect to Xg of from 0 to -.2. 
Coefficients of the hog to turkey price ratios, Xg and 
XiQ, are also consistently negative and in general equal to 
or a little larger than their standard errors. The competi­
tive relationship between hogs and turkeys does not appear 
to be strong, but is consistent from equation to equation. 
The response to changes in the relative prices of hogs and 
turkeys also appears to be sustained over more than 1 produc­
tion period. Elasticity estimates of turkey production 
response with respect to Xg and X^Q range from 0 to -.3 
and -.1 to -.3 respectively, while the sum of these estimates 
(i.e., the 2-year response elasticity with respect to the 
hog to turkey price ratio) ranges from -.2 to -.45. 
Summary 
There has been more than a 4-fold increase in annual 
turkey production since 1935. Annual output is extremely 
seasonal, being greatest in November and December for the 
Thanksgiving and Christmas demand. Turkey raisers appear 
to respond to changes in the October through December feed, 
broiler, and hog to turkey price ratios, the chief response 
becoming most apparent in production of the following 
calendar year. Estimates of the elasticity of annual turkey 
production with respect to the poultry feed ration to turkey 
price ratio of the preceding October to December are of the 
order of -.2, while estimates of elasticities with respect 
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to the broiler to turkey price ratio and hog to turkey price 
ratio for the same period range from -.4 to -.6 and -.1 to 
-.3 respectively. Production responses also appear to con­
tinue for a further year for these latter variables. Esti­
mates of elasticities of output with respect to these varia­
bles lagged a further year range from 0 to -.2 and -.1 to 
-.3 respectively. Coefficients of the October to December 
egg to turkey price ratio lagged 1 year are unexpectedly' 
strongly positive. 
Conclusion 
The 3 poultry industries considered in this chapter 
together make a significant contribution to agricultural 
income. In general poultry production levels since 1935 
appear to have been fairly independent of price levels'in 
other livestock sectors, an exception being hog prices which 
do appear to have had some effect on turkey production and 
possibly a small effect on egg production. These industries 
have each shown a very rapid increase since 1935 , the most 
rapid expansion taking place in broiler production and the 
least rapid expansion in egg production. After relative 
price movements have been taken into consideration, the 
annual average compound rates of increase for egg, turkey, 
and broiler production have been 4.4, 5.2, and 20.8 per cent 
respectively. Although the rates of increase have varied 
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over the period studied, there is nothing to indicate that 
this general expansion will not continue. 
Equations selected to predict output levels on the basis 
of realized prices should preferably contain relatively few 
regressor variables. In no adequate estimation equation for 
eggs or broilers are all the regressor variables completely 
predetermined, however. For egg supply there is little to 
choose between equations 27 and 28. The latter has slightly 
better statistical characteristics but contains 2 variables 
which are realized in the period November of year t-1 to 
May of year t and 1 price variable which is concurrent with 
the production year. Equation 27 incorporates 1 variable 
realized in the period November, t-1, to May, t, and has 4 
regressor variables compared with the 5 regressor variables 
of equation 28. Equation 61 is possibly the best predictor 
of variations in broiler supply, but it also incorporates 1 
variable which is realized in the first half of the produc­
tion year and 1 variable which is concurrent with the produc­
tion year. Equation 143, incorporating 4 completely pre­
determined price variables, is possibly the best predictor 
for changes in the annual production of turkeys. 
To predict the effects of possible changes in relative 
prices, other estimation equations should be used, but again 
the selection of the appropriate equations should be made in 
the light of the evidence provided by all. From the analysis 
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of past data there appears to be a greater potential for 
adjustments coming about by way of the price mechanism in 
broiler and turkey production than is so for egg production. 
The large supply shifts taking place in these industries, 
notably in the production of broilers, suggest that such 
adjustments are likely to be seen in variations in the rate 
of expansion of production. 
The analyses suggest that, apart from the non-price 
production trend, over a 2 year period a sustained 10 per 
cent rise in the poultry ration cost to broiler price ratio 
will bring about a 6 per cent decline in the annual produc­
tion of broilers, most of the response becoming apparent in 
the second year. A 10 per cent increase in the price of 
broiler chicks relative to the price of broilers is likely 
to bring about a 4 per cent decline in broiler production. 
Turkey production appears to be moderately responsive to 
relative changes in the prices of broilers and hogs and the 
cost of feed. Over a 2 year period, apart from non-price 
production trend, it appears that 10 per cent increases in 
the cost of feed ration, the price of broilers, or the price 
of hogs, all relative to the price of turkeys, will elicit 
contractions in turkey production of 2, 4, or 3 per cent 
respectively. The responsiveness of egg production to 
relative price changes seems to have been small. Estimates 
suggest that a 10 per cent increase in the price of poultry 
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feed cost relative to the price of eggs will directly lead 
to a decline in egg production of about 1 per cent. 
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CHAPTER VIII: PRICE RESPONSE RELATIONSHIPS FOR 
COMPONENTS OF THE SUPPLY OF SHEEP AND LAMBS 
The remaining sector of any consequence in the livestock 
industry is the production of wool and meat from sheep and 
lambs. The sector is not large in comparison to those already 
considered, but from 1947 to 1959 the value of production from 
the sheep industry has averaged slightly in excess of $400 
million. By comparison, the annual value of livestock produc­
tion is negligible in sectors other than sheep and lajnbs and 
the other sectors already considered. 
Like the cattle industry, the annual numbers of sheep 
and lambs on farms have exhibited a cyclical behavior. Since 
1900 a peak in sheep and lamb numbers has come approximately 
once in each decade. But unlike the situation for cattle, 
sheep numbers have shown no upward trend, and since the early 
1940's there has been a marked downward trend in numbers. 
A larger proportion of the nation's sheep flocks is 
concentrated in the western mountain and prairie states than 
is the case for cattle. Sheep are kept under range condi­
tions in these states, frequently in the rough range and 
mountain areas. Sheep can graze rougher terrain and a greater 
variety of plant species than can cattle. Typically ewes are 
bred to lamb in late - spring, after which the flock is shorn, 
and where opportunity exists sheep are moved to mountain 
ranges for summer grazing. Cull ewes, wether lambs, and 
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ewe lambs not required for the breeding flock are typically 
sold in early fall, while the breeding ewes are wintered 
on the range. 
Where high quality forage is available lambs may move 
straight to slaughter at a round 100 pounds liveweight. Some 
cull ewes are sold for feeding and immediate breeding for 
early spring lambs. Many lambs and ewes sold from western 
flocks are also fed in the west, frequently on by-products 
of nearby sugar beet mills. Other lambs and culls are sold 
as feeders to regions where feed grains are plentiful. 
Lambs entering the Corn Belt states as feeders normally 
weigh around 70 pounds and are fed for 2 to 4 months over 
winter for sale weighing around 100 pounds. Unlike the case 
for cattle feeding, returns to feeding sheep are largely for 
weight gained. Cove et al. (18) suggest that tenderness 
does not improve with feeding nearly so much with lambs as 
is the case with cattle. Since 1940 the lamb feeding margin 
has certainly been much narrower (and occasionally negative) 
than the cattle feeding margin. 
Sheep are bred and stocked in all parts of the country, 
however. But apart from the western mountain and. prairie 
states, farm flocks are usually quite small. Sheep are kept 
to utilize land unsuitable for cropping, and to graze forage 
unsuitable for cattle. Small numbers of sheep are often 
kept for weed control and grazing rough land. Farm bred 
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sheep provide 2 useful sources of income during the year -
from wool shorn in late spring or early summer and from lambs 
sold in late fall or early winter. 
The joint products of the sheep industry complicate the 
manner in which breeding, culling, and inventory adjustments 
take place. Whether to breed more mutton or wool character­
istics into the flock, or whether to sell more lambs in the 
current period or save them for future wool clips and lamb 
production are questions which should be answered in the 
light of expected relative wool and lamb prices. Yet in the 
post-war years the value of wool as a component of the total 
value of annual production has remained fairly constant around 
30 per cent, with the notable exceptions of 1851 when it rose 
to 37 per cent and 1958 when it fell to 23 per cent. Being 
to some extent joint products in supply, the prices of wool 
and slaughter sheep and lambs tend to move together. From 
1935 to 1959 the coefficients of variation of national wool 
and slaughter sheep and lamb prices were both 37 per cent 
compared with a coefficient of variation of 20 per cent for 
the ratio of these prices. 
In this analysis only the supplies of sheep and lambs 
for slaughter are considered. As in the beef-veal sector, 
the diversity of production sources precludes a meaningful 
single aggregate national analysis. Three aspects of sheep 
and lamb supplies are considered. These are 1. the marketing 
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of all sheep and lambs from the western mountain and prairie 
states, 2. supplies of feeder sheep and lambs bought from 
the mountain and prairie states to the Corn Belt states, and 
3. supplies of sheep and lambs which are bred and stocked 
on farms within the Corn Belt states. Again, as in the case 
of the analysis of beef and veal supplies, these analyses are 
not additive, but are made rather to indicate the nature of 
the competitive and cost structures of important sources of 
lamb and mutton supplies. Output levels for the various 
production series used to represent the components analyzed 
in this chapter are summarized in Table 72, and are defined 
in the appropriate sections of the text. 
Sheep and Lambs Sold from Western Range 
and Mountain States 
The western range and mountain states support a larger 
proportion of the nation's sheep than is the case for cattle. 
Sheep are able to utilize non-grass range species more ade­
quately than cattle. About a third of the sheep commercially 
slaughtered in the nation have moved directly to terminal 
market from these states since 1946, while this number has 
been less than a fourth in the case of cattle. The proportion 
of sheep and lambs going directly to terminal market from 
these states has also increased over recent years. 
Factors which account for variation in the annual sale 
Table 72. Numbers of animals in various components of total sheep and lamb 
supply, 1940 to 1959. 
Component of sheep and lamb supply* 
Year Sheep and lambs Feeder and stocker Commercial slaughter Commercially 
sold from west­ sheep and lambs of sheep and lambs slaughtered 
ern range and received into bred and stocked in sheep and lambs 
mountain states Corn Belt states, 
August 1 year 
Corn Belt states 
(thousand) (thousand) (thousand) (thousand) 
1940 13,179 3,115 21,000 
1941 12,056 2,589 21,727 
1942 15,071 2,685 25,007 
1943 16,318 3,197 26,497 
1944 14,945 2,265 5,319 24,793 
1945 14,898 2,354 5,279 24,068 
1946 14,366 2,682 4,530 22,234 
1947 11,595 1,774 2,938 18,207 
1948 9,955 1,677 3,112 16,897 
IS 49 8,015 . 1,835 2,267 13,376 
1950 7,102 1,964 1,923 12,852 
1951 7,295 2,209 878 11,075 
1952 8,687 2,33 5 1,846 13,962 
1953 8,777 2,135 2,646 15,967 
1954 8,957 2,042 2,582 15,920 
1955 9,324 2,042 2,630 16,215 
1956 9,548 2,433 2,430 15,993 
1957 8,083 2,208 1,863 14,957 
1958 8,012 2,207 1,757 14,164 
1959 8,959 2,282 1,802 15,180 
^Definitions of these series are given in the appropriate sections of the text. 
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of sheep and lambs from range and mountain states should be 
akin to those which account for variation in cattle sales. 
Cattle are potentially significantly competitive. Again, as 
in the case of cattle, there is an important interrelationship 
between working capital (breeding ewes ) and final product 
(sheep and lambs sold). The nature of the joint production 
relationship between wool and sheep and lambs must also be 
considered. The number of potentially significant decision 
variables is thus larger in the case of sheep and lamb market­
ings in the western range and mountain states than it is 
for cattle. 
Variables utilized in the analyses of this section are ; 
Xj Average condition of the range (the western geo­
graphic division and range areas of North Dakota, 
South Dakota, Kansas, Oklahoma, and Texas) in 
August, September, and October, year t. 
Xg 5-year moving average of the average condition of 
the range in August, September, and October, 
year t-1. 
Xg Hay to feeder lamb price ratio, year t. Average 
seasonal price ($) per ton of hay received by 
farmers in 14 western range and mountain states/ 
average price ($) per 100 pounds of feeder lambs 
at Omaha. 
X. 5-year moving average hay to feeder lamb price 
ratio, year t-1. 5-year moving average of the 
average seasonal price ($>) per ton of hay received 
by farmers in 14 western range and mountain states/ 
average price ($) per 100 pounds of feeder lambs 
at Omaha. 
X Feeder and stocker cattle to feeder lamb price 
ratio, year t. Average price (•$) per 100 pounds of 
feeder and stocker steers at Kansas City/ average 
price ($) per 100 pounds of feeder lambs at Omaha. 
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Xg 5-year moving average feeder and stocker cattle to 
feeder lamb price ratio, year t-1. 5-year moving 
average of the average price ($>) per 100 pounds of 
feeder and stocker steers at Kansas City/ average 
price ($) per 100 pounds of feeder lambs at Omaha. 
Xiy Farm wage rate to feeder lamb price ratio, year t. 
Average farm wage rate (fx 100) in the mountain 
states/average price ($) per 100 pounds of feeder 
lambs at Omaha. 
XQ 5-year moving average of the farm wage rate to 
feeder lamb price ratio, year t-1. 5-year moving 
average of the average farm wage rate ($x 100) in 
the mountain states / average price ($) per 100 
pounds of feeder lambs at Omaha. 
Xg Wool to feeder lamb price ratio, year t. Average 
seasonal price ($) per 100 pounds of wool received 
by farmers in 14 western range and mountain states/ 
average price ($) per 100 pounds of feeder lambs 
at Omaha. 
X,q 5-year moving average wool to feeder lamb price 
ratio, year t-1. 5-year moving average of the 
average seasonal price ($) per 100 pounds of wool 
received by farmers in 14 western range and moun­
tain states/ average price ($) per 100 pounds of 
feeder lambs at Omaha. 
X1X Time. 1940 = 1, to 1959 = 20. 
X,g Number (thousands) of sheep and lambs marketed from 
14 range and mountain states, year t. Total market­
ing of sheep and lambs less the number shipped in 
during the year in Montana, Idaho, Wyoming, Colorado, 
New Mexico, Arizona, Utah, Nevada, North Dakota, 
South Dakota, Nebraska, Kansas, Oklahoma, and Texas. 
xi = log Xj_. 
Xit = Xit " Xit-1' 
xit ~ xit " xit-r 
The number of sheep and lambs marketed from these states 
(X^g) is related to these current and lagged variables. Anal­
yses follow those of cattle marketed from the same states, 
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though January 1 breeding inventories are not considered in 
the equations summarized. There is not as much leeway for 
age at which wether lambs can be profitably sold for meat as 
is the case for steers. Estimates were made incorporating 
January 1 breeding inventories of the current year and price 
and condition of the range variables for the previous year, 
but coefficients in these equations are very unstable between 
formulations. In the analyses presented, annual sales are 
related to current price and condition of the range varia­
bles, and to values of these variables for the preceding 5 
years. Coefficients of variables in these equations also 
lack adequate stability between formulations, but are more 
reasonable than those formulations not presented. 
Variables and Xg are the conditions of the range in 
the late summers of the current and past 5 years. They have 
the same limitations as estimators as was given in the analy­
sis cattle sold from western range and mountain states. 
Conditions of the range in the same periods are also reflected 
in the hay to stocker lamb price ratios, Xg and X^, though 
neither numerators nor denominators of these variables are 
independent of total stock numbers. 
Cattle raising presents the major alternative produc­
tion possibility in these states, though the amount of 
specialization in sheep and lamb production varies consider­
ably within the region. Pingrey (75) reports on the basis 
of a survey that in 1955 in Colorado 62 per cent of the 
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range sheep were on ranches specializing in sheep, while in 
New Mexico this number was only 25 per cent. Variables Xg 
and Xg are the prices of feeder and stocker cattle relative 
to feeder lambs, and coefficients of these variables should 
indicate the nature of the short-run and long-run competitive 
effects of changes in the return to sheep and lambs. Varia­
bles Xg and X-J^Q are the prices of wool relative to feeder 
lambs, and are included to test whether wool prices in rela­
tion to prices of sheep and lambs influence decisions on 
whether lambs should be sold or retained to build up the size 
of the breeding (and shearing) flock. The lamb cycle phenom­
ena may well follow from movements in variables Xg, Xg, Xg, 
and X-J_Q in a manner similar to that previously suggested for 
beef cattle. Variables Xy and Xg are the farm wage rate in 
the mountain states relative to feeder lambs. Labor is a 
major current expense on ranches in these states. 
Estimates of the number of sheep and lambs sold from 
western range and mountain states are summarized as equations 
1 through 46 in Tables 73 through 76. Analyses of these 
tables are made on original values, logarithms, first differ­
ences, and first differences of logarithms, respectively. 
Relevant statistics for these equations are summarized in 
Table 77. A comparison of these statistics indicates little 
difference in R^ values between logarithmic and non-logarith­
mic formulations. The R^ values are very high in equations 
1 through 25, and are fairly adequate in equations 26 
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Table 73. Bet marketing» of sheep and lambs from l4 range and mountain states (X^ g), 19I10 t< 
with their standard errors In parenthesis. Data used are original values of obse: 
Equation 
maoiber Constant %1 %2 x3 % *5 % 










































8 8,805.23 -102.51 
(50.62) ( 
9 -20,907.42 207.37 
(61.80) ( 














range and mountain states (X^ g), 1940 to 1959: shoving regression coefficients 
Data used are original values of observations. 















































































Table 74. Net marketings of aheep and lambs from 14 range and mountain states (z^ g), l$4o to 1959' 
showing regression coefficients with their standard errors in parenthesis. Data used are 
logarithms of observations, except for time (X^ ). 
Eq. 
no. Constant =1 =2 
*3 =4 =5 =6 X7 xe *9 *10 *11 

















































































(.159) .9391 (.526) 
-.0052 
(.003) 




















Table 74. (Continued) 
Eq. 
no. Constant x2 *3 x4 *5 H x7 =8 *9 *10 *11 







































Table 75* Bet marketing® of sheep and lamb* from l4 range and mountain state» f AX^g), 
coefficients with their standard errors in parenthesis. Data used are first 
Sanation 
number Constant a%l AX3 A % ^=5 ^%6 
















28 -162.36 -50.51 
(43.25) 
387.55 (163.88) ( 












































m l4 range and mountain state* (A X-j^) * 1940 to 1959 s showing regression 
rs in péerenthesis. Data used are first differences of observations. 





-3.947.87 2,622.80 17.743.49 
) (4,570.76) (3.597.12) (15,272.62) 
-11,570.20 -1,121.12 7.583.56 
















285.52 260.53 317.99 





















-25I.I7 1.313.80 425.72 











Table 76. Het marketings of sheep and lambs from l4 range and mountain states ( 19^0 to 
1959; showing regression coefficients with their stand rd errors in parenthesis. 
Data used are first differences of logarithme. 
Eq. 
no. Constant Xg A xg % Ax5 A % AXy Axg Ax10 







































(1.365) .0339 (.132) .9302 (.566) 
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Table 77. Summary of statistical tests for equations 
1 through. 46. 
Eq. 
no, R2^ a'b F° 
Eq. 
no. 
R2* d'b Fc 
1 .945 1.91+d 18. 18-:K4 24 .941 1.53 + 31.19** 
2 .943 1.77+ 11.53** 25 .935 1.33* 27.47** 
3 .945 1.82* 12.21** 26 .701 1.64 + 2.31 N. S. 
4 .946 1.92 + 13.07** 27 .630 1.12* 1.29 N. S. 
5 .964 2 .23* 21.01** 28 .628 1.73* 1.24 N, S. 
6 .966 1.89* 21.80** 29 .608 1.95* 3.11# 
7 .913 1.86 N.S .d 39.19** 30 .707 1.84 + 4.83** 
8 .924 1.51+ 30.65** 31 .735 2.16* 5.56** 
9 .938 1.85N.S, , 56.65** 32 .695 1.58 * 3.19 N. S. 
10 .925 1.69 + 22.47** 33 .608 1.41* 1.51 N. s. 
11 .959 1.92+ 64.69** 34 .611 1.71 * 2.50 N. s. 
12 .965 1.824= 27.99** 35 .561 2.12 N. S. 6 .38** 
13 .958 1.78 + 25.46** 36 .711 2.10 N. S. 8.60** 
14 .930 1.44 + 14.20** 37 .653 2.14 * 1.44 N. s. 
15 .947 1.66* 19.58** 38 .611 1.83 + .96 N. s. 
16 .960 1.70* 19.43** 39 .611 2.13 + .96 N. s. 
17 .935 1.88* 11.03** 40 .654 1.75 + 3.77* 
18 .943 1.43 + 12.86** 41 .592 1.61 * 2.90 N. s. 
19 .930 1.74* 25.14** 42 .655 1.70 * 3.80* 
20 .941 2.10 N.S i. 93.65** 43 .651 2.18 + 2.04 N. s. 
21 .892 1.59 + 51.63** 44 .574 1.95 N. S. 3.06 N. ,s. 
22 .960 1.78 + 24.67** 45 .631 1.82 N. S. 13.69** 
23 .920 1.67 + 15.07** 46 .584 1.59 N. S. 11.21** 
^Coefficient of multiple determination. 
^Durbi n-Wa t s on autocorrelation statistic. 
CF value for the contribution of the price-cost varia­
bles to the battery of all regressor variables. 
•%.S. = Not significant P > .05. 
* = Significant at the 5 per cent level. 
-:k;- = Significant at the 1 per cent level. 
* = Inconclusive at the 5 per cent level. 
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through 46, though a comparison of P values indicates that 
the price variables make a less significant contribution in 
accounting for the variation in non-first differences 
equations. 
Since the war there has been a general decline in the 
number of sheep and lambs sold annually from these states, 
accompanied by cyclical fluctuations. Although this decline 
is apparent, coefficients of variable X-^i non-first dif­
ferences equations 1 through 25 are highly variable and in 
some cases positive. The estimated independent effect of 
time is generally greater in first differences equations. 
Logarithmic equations suggest that the non-price shift in 
supply throughout the period has been at an average annual 
compound rate between -.8 and -1.4 per cent. Yet most of the 
high percentage of variation accounted for in these equations 
is associated with variables other than time. 
As in the marketing of cattle, range conditions appear 
to affect ranchers' marketing decisions. Coefficients of X-^ 
are negative in all equations, and exceed their standard 
errors in all first differences formulations. Similarly, 
the coefficients of Xg are positive in all equations. It 
hence appears that when range conditions are favorable 
ranchers retain stock to take advantage of the favorable feed 
situation, reducing market supplies of sheep and lambs. On 
the other hand, coefficients of Xg are all positive, while 
those of X4 are for the most part negative. Hence in spite 
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of the fact that fewer sheep and lambs are sold In years when 
range conditions are favorable, the long-run effects of 
favorable range conditions are to increase market supplies. 
Effects of changes in the wage rate variables X^ and Xg 
are confusing. Coefficients of these variables are quite 
unstable, and although some are considerably greater than 
their standard errors, no consistent structural significance 
can be attached to them. 
Since 1940 there has been a general increase in the 
return to feeder and stocker cattle relative to feeder lambs. 
During the same period there has been a decline in both 
January 1 inventories of breeding stock and annual sales of 
sheep and lambs, though the annual rate of decline of the 
former has been approximately .5 of a per cent greater than 
that of the latter, indicating that breeding stock themselves 
have been contributing directly to annual sheep and lamb 
sales. This may have taken place as a result of declining 
sheep and lamb prices relative to cattle prices. Coeffici­
ents of Xg are for the most part positive, though again they 
share the extreme variability characteristic of all coeffi­
cients in these analyses. The generally positive coefficients 
of Xç suggest that rising prices of cattle relative to sheep 
and lambs lead to some increase in sheep and lamb sales in 
the current year. Yet the main response appears to follow 
from changes in the long-run price of cattle relative to 
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sheep and lambs. Coefficients of variable Xg are positive 
and greater than the corresponding coefficients of variable 
Xg in all equations except equation 14. It therefore appears 
that the declining number of breeding stock required per unit 
of sheep and lambs sold during the year has allowed for an 
increasing liquidation of breeding stock as the long-run 
cattle to lamb price ratio has risen without a proportionate 
decline in lambs sold. The extreme variability of these 
coefficients follows from the small number of observations 
available and the fact that while cattle and lamb prices have 
largely moved together causing little over-all variation in 
Xg and Xg, the over-all variation in variable has been 
quite large throughout the period. 
Variables Xg and X1Q are prices of wool relative to 
feeder lambs in the current and past 5 years. Coefficients 
of Xg are generally positive but small in relation to their 
standard errors, particularly in first differences equations. 
There is hence no indication of inventory adjustments taking 
place within the year on the basis of wool prices relative 
to prices of feeder lambs. Coefficients of X^Q, on the other 
hand, are positive in all equations, and in most cases 
strongly so. Again coefficients are very unstable between 
formulations. With the exception of the wool boom of the 
Korean War, since the high wool prices of the early 1940's 
the price of wool relative to the price of feeder lambs has 
been steadily declining. Strongly positive coefficients of 
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X^Q suggest that the long-run decline in wool prices relative 
to meat animals has led in part to the decline of range sheep 
numbers and the consequent decline in annual sales of sheep 
and lambs. 
Summary 
As in the case of the sale of cattle from western range 
and mountain states, both range conditions and price move­
ments appear to account for annual variation in the sale of 
sheep and lambs from this region. The extreme variability 
of price variable coefficients, however, indicate that these 
analyses have not clearly separated the various price effects, 
and strong inferences about the magnitude of these effects 
have hence not been made. Sheep and lamb sales are related 
inversely to current condition of the range, and positively 
with the long-run (5-year moving average) range conditions. 
This indicates that ranchers consider the utilization of feed 
supplies when making marketing decisions, and these decisions 
affect supplies of sheep and lambs in future years . Since 
the war years the price of feeder lambs relative to the price 
of feeder and stocker cattle has been generally declining, 
as has the price of wool relative to the price received for 
livestock. There is evidence that ranchers make some 
response to current price changes, but most adjustments 
follow from the long-run movements in these ratios. 
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Sheep and Lambs Bought as Feeders and Stockers 
Each year from 2 to 3 million sheep and lambs move into 
the Corn Belt states from the western mountain and prairie 
states for feeding prior to slaughter. This number repre­
sents from 10 to 20 percent of all sheep commercially 
slaughtered each year. Lambs are normally received into 
these states weighing around 70 pounds and fed to a round 
100 pounds liveweight. Older ewes command a much smaller 
slaughter price, but they may also be bought for feeding. 
As is the case for cattle, direct statistics are not 
available for the number of sheep and lambs slaughtered which 
come from feeders and stockers bought from western states. 
But data are available since 1940 for the number of feeder 
and stocker sheep and lambs received by months into certain 
Corn Belt states. Again, the number of feeder and stocker 
sheep and lambs received from August to July into 7 Corn 
Belt states for which internal sales are low is taken to 
represent the supply of fed sheep and lambs in the following 
calendar year coming from this source. 
Most of the demand for feeders and stockers in these 
states comes in the fall months. Price variables used to 
account for this demand therefore closely parallel those 
used in accounting for the demand for feeder and stocker 
cattle. Variables used are : 
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X^ Feeder to slaughter lamb price ratio, August to 
December, year t. Average cost ($>) per 100 pounds 
of feeder lambs at Omaha, August to December/ aver­
age price ($) per 100 pounds of slaughter lambs 
at Chicago, August to December. 
Xg Feeder to slaughter lamb price ratio, August to 
December, year t-1. Xg is X^ lagged 1 year. 
X, Feed grain to slaughter lamb price ratio, August to 
December, year t. Average price ($) per 1000 pounds 
of TDN fed to sheep and lambs from August to 
December/ average price ($>) per 100 pounds of 
slaughter lambs at Chicago, August to December. 
X^ Feed grain to slaughter lamb price ratio, August 
to December, year t-1. X^ is Xg lagged 1 year. 
Xg Slaughter steer to slaughter lamb price ratio, 
August to December, year t. Average price ($>) per 
100 pounds of choice slaughter steers at Chicago, 
August to December / average price ($) per 100 
pounds of slaughter lambs at Chicago, August to 
December. 
Xg Slaughter steer to slaughter lamb price ratio, 
August to December, year t-1. Xg is Xg lagged 
1 year. 
Xr, Cattle feeding margin to slaughter lamb price ratio, 
August to December, year t. Average price •($) per 
100 pounds of choice slaughter steers at Chicago 
less the average cost ($>) per 100 pounds of feeder 
and stocker steers at Kansas City, August to 
December / average price ($>) per 100 pounds of 
slaughter lambs at Chicago, August to December. 
X Cattle feeding margin to slaughter lamb price ratio, 
August to December, year t-1. X„ is X7 lagged 
1 year. 
Xg Hog to slaughter lamb price ratio, August to Decem­
ber, year t. Average price ($>) per 100 pounds of 
hogs received by farmers from August to December / 
average price (§) per 100 pounds of slaughter 
lambs at Chicago, August to December. 
X^Q Hog to slaughter lamb price ratio, August to Decem­
ber, year t-1. X10 is Xg lagged 1 year. 
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X-^2 Milk to slaughter lamb price ratio, August to Decem­
ber, year t. Average price ($) per 100 pounds of 
milk delivered to plants from August to December / 
average price ($) per 100 pounds of slaughter lambs 
at Chicago, August to December. 
Milk to slaughter lamb price ratio, August to Decem­
ber, year t-1. X]_g is X^ lagged 1 year. 
Xi3 5-year moving average milk to slaughter lamb price 
ratio, year t. 5-year moving average of the annual 
price (•$) per 100 pounds of milk delivered to plants/ 
annual average price ($) per 100 pounds of slaughter 
lambs at Chicago. 
X14 Time. 1940 = 1, to 1959 =20. 
X^£ Number (thousands) of feeder and stocker sheep and 
lambs received into 7 Corn Belt states (Ohio, Indi­
ana, Illinois, Michigan, Wisconsin, Minnesota, and 
Iowa) for the year beginning August 1 of calendar 
year t. 
= log Xj_. 
Xit = Xit ~ Xit-1* 
%it = xit - xit-r 
In these analyses the profitability of feeding sheep 
and lambs is reflected by costs and competitive prices rela­
tive to the price of slaughter lambs at Chicago. Feeder 
sheep and lambs are purchased during fall. August through 
December are again taken to be the important decision months. 
The cost of feeder sheep and lambs has been indicated by the 
average price of feeders at Omaha. This is the most satis­
factory series available, yet a large proportion of sheep 
and lambs leaving the western states are sold under contract. 
Pingrey (75) indicates that this figure was 58 per cent of 
all sheep and lambs sold in 1955. To the extent that con-
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tracts are made In fall, contract prices probably parallel 
fall auction prices, but earlier contract prices may differ 
considerably from fall auction prices. The feeder price 
series is therefore less than satisfactory. In view of the 
generally narrow, and in some years negative, feeding margin 
for sheep and lambs, this figure is not used. In some equa­
tions the cattle feeding margin is used, however, to 
reflect the competitive effect of beef feeding. 
Following the analysis of the demand for beef feeders 
and stockers in the 7 Corn Belt states, variables and Xg 
are the ratios of prices of feeder and slaughter lambs during 
August through December of the current and preceding years ; 
variables Xg and X^ are the feed grain to slaughter lamb 
price ratios for the same periods. The major competitive 
livestock enterprises in these Corn Belt states are cattle 
feeding, hogs, and dairy cattle. Variables Xg and Xg are 
the slaughter cattle to slaughter lamb price ratios in August 
through December of the current and preceding years respec­
tively, and variables X^ and Xg are the corresponding cattle 
feeding margin to slaughter lamb price ratios. Variables 
Xg and X]_Q are the hog to slaughter lamb price ratios for 
August through December of the current and preceding years, 
while variables X^ and X^g are the milk to slaughter lamb 
price ratios for the same period. Variables X^ and X^ 
reflect the short-run competitive position between sheep 
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feeding and milk production. The long-run competitive posi­
tion is reflected by the 5-year moving average milk to 
slaughter lamb price ratio. Time is represented by variable 
X13* 
These variables are variously combined to account for 
changes in the number of feeder and stocker sheep received 
into the 7 Corn Belt states, X^^. The estimations are 
summarized as equations 47 through 99 in Tables 78 through 
81. Analyses are made on original values in equations 47 
through 60, logarithms in equations 61 through 74, first 
differences in equations 75 through 86, and first differ­
ences of logarithms in equations 87 through 99. Systematic 
combinations of regressor variables are incorporated into 
the first 9 equations of each table, while in the remaining 
equations those variables whose coefficients are less than 
their standard errors are deleted. A summary of the statis­
tical tests for equations 47 through 99 is given in Table 82. 
The small number of observations available precludes 
the making of strong inferences about the effect of any 
particular price variable. Since 1940 there has been a 
general decline in the number of feeder sheep and lambs 
received into the Corn Belt, though the number has been 
fairly constant during the decade of the 1950's. This trend 
is reflected by the negative coefficients of variable X^ in 
equations 47 through 74, and the negative constant terms of 
equations 75 through 99. The negative trend is more strongly 
321 
Table 78, Stocker and feeder sheep and lambs received into 7 Corn Belt states (Xjk). 19*40 to 1959: 
in parenthesis. Data need are original values of observations. 
Equation 
mu*er Constant 
*1 *2 *3 *4 *5 *6 *7 
47 7.442.67 -2,305.36 
(1,160.31) 
193.81 































































































itates (Xj^), 1940 to 1959: showing regression coefficients with their standard errors 
u 
*6 =7 =8 
*9 *10 *11 *12 *13 *14 
5 -1.386.39 -20.59 
0 (915.33) (16.37) 
-622.13 -889.44 -34.04 
(926.17) (1,001.14) (13.38) 
-366.99 -206.59 -36.61 
(732.29) (635.83) (13.83) 
10,924.30 334.37 -43.83 
(3.302.85) (3,467.90) ( 9.55) 
-4.358.83 -32.43 
(6,631.00) (15.27) 
2 -l.607.U2 -451.10 -427.43 -14.86 
2) (765.22) (583.22) (491.11) (4.75) 
-907.7% -1,154.32 -280.96 -578.34 -30.41 
(828.98) (867.98) (638.57) (511.57) (12.68) 
2 -1,936.50 -4.185.25 —16.68 
6) (744.51) (5,028.12) (17.07) 
-963.84 -1,536.98 -4,273.5? -35.46 





)5 -l.946.oo -7.14 
>7) (715.04) (13.47) 
-942.46 -1,250.57 -668.54 -29.05 
(799.22) (813.55) (454.00) (11.91) 
-784.26 -1,242.18 -4,307.60 -37.77 
(810.83) (743.36) (5,245.24) (14.94) 
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Table 79* Stocker and feeder sheep and lambs received into 7 Corn Belt states (X]R)» 19^0 to 
cieats with their standard errors in parenthesis. Data used are logarithms of otise 
Equation 
number Constant 
*1 =2 x3 =4 =5 *6 *7 *8 =9 




























































67 3.3028 ;:S -.0505 (.587) -.0139 (.076) -.0993 (.084) .0381 (.272) 




































74 3.3366 -.1051 
(.065) 
into 7 Corn Belt states (X]R)» 19*to to 19592 shoving regression coeffi-
heels. Data used are logarithms of observations, except for time (X^ty). 
*5 *6 *7 
=g =9 =10 =11 *12 =13 %l4 
I1930 -.7016 -.0022 
445) (.502) (.003) 
.0090 -.0370 —.0063 
(.087) (.090) (.003) 
-.0361 -.1477 -.0058 
(.272) (.243) (.003) 
.9482 .1437 •=.0084 
(.282) (.289) (.002) 
.0347 —.0063 
(.495) (.003) 
,464l -.9263 -.0767 -.2291 -.0008 
,412) (.398) (.209) (.185) (.003) 
-.0139 -.0993 .0381 -.3120 -.0052 
(.076) (.084) (.272) (.214) (.003) 
•4358 -1.0598 -.3301 -.0025 
M 3 )  (.393) (.372) (.004) 
-.0147 -.1126 — 3762 -.0076 







.5030 -.9599 -.2601 
.321) (.317) (.145) 
-.1051 -.2524 -.0062 
(.065) (.174) (.002) 
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Table SO* Stocker and feeder sheep and lambs received Into 7 Corn Belt states ( AX^), 1940 te 
standard errors In parenthesis» Data used are first differences of observations. 
Squat Ion 
nraaber Constant AXg AX3 A AX7 










































































84 -54.00 -318.41 
(266.15) 










Belt states ( AXj^), 1940 te 1959; shoving regression coefficients with their 
ferencea of observations. 





















323.09 -741.00 -166.40 -285,21 














Table 81» Stocker and feeder sheep and: lambs received into 7 Corn Belt states 
coefficients with their standard errors in parenthesis* Data used t 
observations# 
Equation 
somber Constant ^=1 **2 *x3 Ax5 •A Xj A 
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99 -.0113 (S3 (. 
iceired into 7 Corn Belt states ( AX15}, 1940 to 1959? shoving regression 
1rs in parenthesis. Data used are first differences of logarithms of 
AX1 a X-10 Axll ^*12 Ax13 
$97 -.002k -.1555 













.0237 -.0990 .0177 -.1635 
















Table 82. Summary for statistical tests for equations 
47 through 99. 
Sq. 
no. R2
& d'b F° 
Sq. 
no. R2a a'1 FC 
47 .670 1.95*d 2.62 N.S.d 74 .439 1.19* 3.56 N.S. 
48 .631 1.74* 2.13 N.S. 75 .510 2.46* 2.08 N.S. 
49 .601 1.50* 1.62 N.S. 76 .521 2.42* 2.18 N.S. 
50 .808 2 .23* 5.92-: 77 .511 2.34* 2.09 N.S. 
51 .601 1.57* 2.36 N.S. 78 .610 2.16* 3.13* 
52 .675 2.14* 2.69 N.S. 79 .506 2.384 2.67 N.S. 
53 .638 2 .08* 2.21 N.S. 80 .358 2.94* 1.12 N.S. 
54 .631 1.90* 2.76 N.S. 81 .331 2.74* .99 N.S. 
55 .591 1.86* 2.25 N.S. 82 .362 2.904 1.48 N.S. 
56 .644 1.94 N.S. 5.69-: 83 .340 2.714 1.34 N.S. 
57 .799 1.80 4= 9.77-: 84 .352 2.46* 2.72 N.S. 
58 . .602 1.90 N.S. 4.57-: 85 .491 2.214 4.82* 
59 .632 1.73 * 2.78 N.S. 86 .310 2.74 * 3.59 N.S. 
60 .567 1.71* 2.67 N.S. 87 .526 2.56 * 2.22 N.S. 
61 .614 1.47*= 2.15 N.S. 88 .542 2.524 2.37 N.S. 
62 .509 .94* 1.28 N.S. 89 .522 2.52* 2.18 N.S. 
63 .519 1.06* 1.34 N.S. 90 .628 2.35* 3.36* 
64 .805 1.89*= 6.21 N.S. 91 .519 2.554 2.81 N.S. 
65 .502 .98 t 1.60 N.S. 92 .325 2.81*= .96 N.S. 
66 .634 1.93* 2.40 N.S. 93 .310 2.56 * .90 N.S. 
67 .492 1.23* 1.45 N.S. 94 .317 2.80* 1.20 N.S. 
68 .586 1.18* 2.45 N.S. 95 .306 2.59* 1.15 N.S. 
69 .428 1.21* 1.06 N.S. 96 .518 2.544 5 .36# 
70 .516 1.67* 5.28- 97 .617 2.09 * 8.07** 
71 .799 1.98 N.S. 15.08- 98 .285 2.594 4.03* 
72 .412 1.30 4 2.95 N.S. 99 .269 2.494 2.95 N.S. 
73 .628 1.98 N.S. 18.04-
^Coefficient of multiple determination. 
^Durbin-Watson autocorrelation statistic. 
CP value for the contribution of the price-cost varia­
bles in the battery of all regressor variables. 
dN.S. = Not significant, P A.05. 
* = Significant at the 5 per cent level. 
= Significant at the 1 per cent level. 
4 = Inconclusive at the 5 per cent level. 
526 
apparent in the first differences formulations, suggesting 
that a weaker role is played by price variables in explaining 
annual movements in the demand for feeder sheep and lambs in 
the first differences equations than the non-first differ­
ences equations. A comparison of F values also suggests that 
this is so, though the differences are not marked, and all 
functional forms are considered in deriving inferences from 
these equations. The deletion of variables from equations 
rarely alters appreciably the size of the remaining coeffi­
cients, but standard errors of these coefficients are gener­
ally reduced. Almost all d' statistics fall within the 
inconclusive range, the exceptions being non-significant. 
Effects of changes in the price of feeder sheep and 
lambs relative to the price of slaughter lambs are estimated 
in the coefficients of variables and Xg. These coeffi­
cients present a somewhat confusing picture. The effects 
of taking first differences is to make coefficients of X^ 
and Xg less negative. Hence coefficients of X-j_ in equations 
47 through 60 are strongly negative, while they are smaller 
in relation to their standard errors in equations 61 through 
74. Again coefficients of X^ are negative though small in 
relation to their standard errors in equations 75 through 
86, and generally positive, though small, in equations 87 
through 99. Coefficients of X^ are initially not signifi­
cantly different from zero, and become most strongly positive 
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in equations estimated from first differences of logarithms. 
No explanation of these facts is readily discernable from the 
correlation matrix of variables. Elasticity estimates are 
very large (-.5 to -1.3) with respect to in equations 
using original data, but much lower in the logarithmic 
(-.3 to -.7) and first differences (-.1 to -.4) equations. 
Coefficients of Xg are generally small in relation to their 
standard errors in equations 47 through 74, but become 
generally strongly positive in first differences equations 
75 through 99. Perhaps all that can be said from a review 
of these coefficients is that there is evidence that fewer 
sheep and lambs are purchased into Corn Belt states as the 
price of feeder lambs rises relative to the price of slaugh­
ter lambs in the current year, but the data or the type of 
analysis (single equation) preclude the placing of very 
precise limits to the size of this response. 
It has been suggested that most return to feeder sheep 
and lambs comes through weight gained rather than as premium 
for quality. This would suggest that more response may 
follow from changes in the price or availability of feed 
grains relative to price of slaughter lambs than from changes 
in the price of feeder lambs relative to the price of slaugh­
ter lambs. Response to changes in the former variables are 
estimated in the coefficients of Xg and X^. There is little 
consistency in the coefficients of Xg, though there is a 
marked negative response to changes in the price of feed 
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grains relative to the price of feeder lambs in the August 
to December period of the preceding year. Estimates of the 
elasticity of response to changes in range from -.5 to 
-.6, and are fairly consistent from equation to equation. 
It appears that a favorable relationship between the prices 
of feed grains and slaughter lambs in one year has induced 
farmers in the Corn Belt states to feed more sheep and lambs 
in the following year. 
The competitive effects of the prices of beef cattle 
relative to slaughter lambs are estimated in the coefficients 
of variables Xg through Xg. In general the estimated effects 
are comparable when returns to beef are expressed either as 
price of slaughter steers or as cattle feeding margin. All 
equations indicate a much stronger negative effect of beef 
prices relative to slaughter lambs for prices lagged 1 year 
(Xg or Xg) than their current counterparts (Xg or Xry). This 
may indicate that sheep feeders have either made their plans 
at the beginning of the season on the basis of the price 
structure in the previous year, or that the price determina­
tion process in the first half of the current year obscures 
the true demand response in the single equation estimation 
technique. Estimates of elasticity of response with respect 
to Xg are high in non-first differences equations 47 through 
74, ranging from -.6 to -1.0, though they are considerably 
smaller in first differences equations 75 through 99, rang­
ing from -.1 to -.6. Elasticity estimates with respect to 
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Xg are lower, ranging from -.04 to -.15 in a non-first differ­
ences equations, and 0 to -.1 in first differences equations. 
Coefficients of variables Xg and Xy, are close to zero in 
first differences equations. In non-first differences equa­
tions 47 through 74, coefficients of X5 are about half the 
values of the coefficients of Xg. 
The effects of changing hog prices relative to the 
prices of slaughter lambs are estimated in coefficients of 
variables Xg and X^Q. These coefficients are generally small 
in relation to their standard errors in all first differences 
formulations, but are consistently negative in non-first 
differences equations 47 through 74. The influence of both 
variables is weak, however, coefficients of the current hog 
to slaughter lamb price ratio, Xg, being all less than their 
standard errors. Coefficients of X^Q are generally a little 
larger than their standard errors. Estimates of the elastic­
ity of response with respect to changes in X^Q from equations 
47 through 74 range from -.08 to -.26. 
Coefficients of X-^, the August to December milk to 
slaughter lamb price ratio, are strongly positive, and equa-
p 
tions incorporating this variable have higher R values than 
the general battery of estimators. Coefficients of the other 
milk to slaughter lamb price variables, X^g and X^g, are in 
general negative though small in relation to their standard 
errors. The strength of the coefficients of X-^ is quite 
unexpected, and is probably a chance association. It 
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reflects the same situation which was observed in the 
analysis of demand for feeder and stocker cattle, however. 
Summary 
Many factors appear to bear on the decisions which lead 
to the demand for feeder sheep and lambs in the Corn Belt 
states. Because of the number of such factors and the limited 
number of years for which information is available, only weak 
inferences can be made about specific effects. In general, 
price effects are stronger in the year following the realiza­
tion of the prices, though this does not appear to be true 
in the case of the price of feeders relative to the price of 
slaughter lambs. The price of feed grains relative to the 
price of slaughter lambs in the previous production period 
appears to be considered in the making of decisions for 
current feeding plans. Estimates of the response elasticity 
with respect to this variable range from -.3 to -.6. Cattle 
feeding also appears to be competitive with sheep and lamb 
feeding on the basis of relative returns from production in 
the previous year. There is also slight evidence for a 
competitive effect from the price of hogs relative to the 
price of slaughter lambs in the previous year. Unexpected 
highly significant positive coefficients are associated with 
the current August through December milk to slaughter lamb 
price ratio. This to some extent parallels the significantly 
positive coefficients associated with the milk to slaughter 
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steer price variables in the analysis of demand for feeder 
and stocker cattle. 
Sheep and Lambs Bred and Stocked in the Corn Belt States 
Since the end of the war the number of sheep and lambs 
commercially slaughtered from flocks bred and stocked in 7 
Corn Belt states has fluctuated considerably. In 1944 and 
1945 over 5 million animals were slaughtered from this source, 
and numbers remained high to 1949 during the period of 
continued wartime wool price supports. In 1951, the year of 
extremely high wool prices brought about by government stock­
piling for the Korean war, the number dropped to less than 
1 million animals, but then rose again to over 2^ million 
by 1953. 
Sheep raising is rarely the chief source of income on 
Corn Belt farms. Breeding ewes are frequently kept to 
utilize forage which would otherwise be wasted and to absorb 
farm labor during slack periods. For these reasons flocks 
of breeding ewes are usually small, and they would lead us 
to believe that there may be little response to price move­
ments in the number of locally bred and stocked sheep and 
lambs slaughtered. But replacement stock are readily availa­
ble from western states and flock size can be increased more 
rapidly with a smaller commitment of capital than can cattle 
herds. Thus a potential exists in the Corn Belt states for 
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the exploitation of market fluctuations from locally bred 
and stocked sheep and lambs. 
Variables used in the following analyses are : 
Xn Feed grain to slaughter lamb price ratio, year t-1. 
Average seasonal price ($) per 1000 pounds of TDN 
from feed grains fed to sheep and lambs / average 
price ($) per 100 pounds of slaughter lambs at 
Chicago, year t-1. 
Xg Feed grain to slaughter lamb price ratio, year t-2. 
Xg is Xi lagged 1 year. 
Xg Hay to slaughter lamb price ratio, year t-1. Aver­
age seasonal price ($) per ton of hay received by 
farmers in 7 Corn Belt states/ average price ($) 
per 100 pounds of slaughter lambs at Chicago, 
year t-1. 
X4 Hay to slaughter lamb price ratio, year t-2. 
X4 is Xg lagged 1 year. 
Xc Hog to slaughter lamb price ratio, year t-1. Aver­
age price ($) per 100 pounds of hogs received by 
farmers in 7 Corn Belt states/ average price ($) 
per 100 pounds of slaughter lambs at Chicago, 
year t-1. 
Xg Hog to slaughter lamb price ratio, year t-2. Xg is 
Xg lagged 1 year. 
Xy Slaughter steer to slaughter lamb price ratio, year 
t-1. Average price ($) per 100 pounds of choice 
slaughter steers at Chicago/ average price ($) per 
100 pounds of slaughter lambs at Chicago, year t-1. 
Xg Slaughter steer to slaughter lamb price ratio, year 
t-2. Xg is Xy lagged 1 year. 
Xg Feeder lamb to slaughter lamb price ratio, year t-1. 
Average cost ($) per 100 pounds of feeder lambs at 
Omaha / average price ($) per 100 pounds of slaughter 
lambs at Chicago, year t-1. 
X,n Feeder lamb to slaughter lamb price ratio, year t-2. 
X10 is X^ lagged 1 year. 
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X^2. Milk to slaughter lamb price ratio, year t-1. Aver­
age price (f>) per 100 pounds of milk delivered to 
plants in 7 Corn Belt states/ average price ($j) per 
100 pounds of slaughter lambs at Chicago, year t-1. 
Xjg Milk to slaughter lamb price ratio, year t-2. 
X12 is X^i lagged 1 year. 
Xi3 5-year moving average milk to slaughter lamb price 
ratio, year t-1. 5-year moving average ($) per 100 
pounds of milk delivered to plants in 7 Corn Belt 
states / average price ($>) per 100 pounds of slaugh­
ter lambs at Chicago, year t-1. 
Xi4 Wool to slaughter lamb price ratio, year t. Season­
al average price (E$) of wool in 7 Corn Belt states/ 
average price (|) per 100 pounds of slaughter lambs 
at Chicago, year t. 
X^c Wool to slaughter lamb price ratio, year t-1. 
X15 is X14 lagged 1 year. 
X16 Time. 1944 = 1 to 1960 = 17. 
X^Y Number (thousands) of sheep and lambs commercially 
slaughtered from sheep'and lambs bred and stocked 
in 7 Corn Belt states (Ohio, Indiana, Illinois, 
Michigan, Wisconsin, Minnesota, and Iowa), year t. 
Total number of sheep and lambs commercially 
slaughtered in the 7 states less the number of 
feeder sheep and lambs received into the 7 states 
for the year beginning August 1, t-1. 
Xj_ = log X1# 
xit = xit " Xit-1' 
xit = Xit " Xit-le 
The number of sheep and lambs slaughtered from flocks 
in the Corn Belt states is estimated in equations 100 through 
166 of Tables 83 through 86. Analyses of these tables are 
made on original values, logarithms, first differences, and 
first differences of logarithms, respectively. Relevant 
statistics for these equations are summarized in Table 87. 
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Table S3* Slaughter of sheep and lambs bred and stocked in 7 Corn Belt states (X17), 1944 to 1359: ehon 
of observations. 
Equation 
number Constant *l *2 =3 *4 *5 *6 %7 





























































110 14,218.81 1.419.52 
(3,317.96) 
111 -268.98 -1,361.02 
(616.02) 2,695.78 (1,463.29) 











ng regression coefficients with their standard errors in parenthesis. Data used are original values 
Xg 
*9 x10 X11 X12 xl3 *14 X15 xl6 
19,43g.71 2,233.85 -118.68 
(13,850.87) (13.469.4g) (50.00) 
-10,492.03 —96.81 
(17,126.25) (46.69) 
-g26.03 1,045.49 -86.78 
(612.71) (362.70) (47.06) 
L, 438.06 -81.04 
2.443.73) (57.23) 
-1,47g.12 2,982.91 . -84.46 
(4,137.14) (3,gg2.03) (46.73) 
-89.74 
(50.27) 
425.50 -1,836.45 -4,503.82 422.06 1.417.60 -109.89 
2,989.52) (4,698.14) (4,280.35) (547.65) (605.90) (51.26) 
-1,903.02 305.00 15,740.94 10.945.59 829.35 806.23 -40.67 
(4,347.27) (4,393.31) (12,114.80) (13,839.12) (558.94) (443.39) (47.12) 
-6,683.60 -2,203.71 3o.og4.g5 925.40 1,275.06 9.5« 
(4,15g.72) (3.837.55) (15,369.19) (545.19) (514.79) (66.87) 
1,111.16 60.73 -3,671.47 29,910.1g -5,310.91 -112.33 
3.378.79) (6,352.44) (5,lg2.86) (15,249.00) (15,672.10) (57.80) 
2,923.25 -7,20g.3g -3,948.67 8,542.26 -133.25 
3,750.79) (6,515.14) (5,450.21) (20,495.66) (89.04) 
22,156.42 -125.OO 
(11,096.41) (37.57) 
-853.92 1,078.00 -96.I8 
(599.25) (352.96) (44.55) 
-5,606.55 1,639.25 -118.92 
(3.639.57) (486.77) (43.07) 
26,086.66 766.95 1,037.07 
(6,760.75) (402.60) (402.36) 
-5.799.94 -166.63 
(4,645.25) (44.72) 
-7.ilO.7g 2g,g42.68 943.11 1,240.22 
(3.580.16) (9,557.92) (447.04) (430.43) 
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Table 84. Slaughter of sheep and lajabs h red and stocked In 7 Corn Belt states (x^y)» 1944 to 1959' 
standard errors In parenthesis. Data used are logarithms of original values of observât! 
Equation 
snsfber Constant x^ Xg Xj x^ x^ xg Xy Xg Xg 





(.816) -.3782 (.708) 
118 2.5475 
U548) 
.3950 (.612) 1.3067 (.573) 
-.3439 
(.652) 
119 3.5400 c:8g -.2561 (.662) 2.0443 (.620) -1.0303 (.483) 


































2.1781 .4486 -1.5*27 -1.2Î 





.1776 -3373 -1.5649 -•2] (1.127) (1.446) (2.238) (l.T 
.7135 —.8001 -3.8027 -.9 
(1.415) (1.586) (2.248) (1.81 
elt states (x^y). 1944 to 1959* showing regression coefficients with their 
of original values of observations, except for time (X^g) 



















































































Table 64. (Continued) 
Equation 
truster Constant =2 =3 % *5 *6 =7 =8 =9 




131 3.0193 2.1147 
(1.167) 
132 3.4497 -3.0954 
(1.582) 
133 4.5097 
134 4.2742 -3.6153 (1.442) 
=7 *8 =9 *10 *11 *12 *13 *l4 *15 =16 
-2.0708 
(1.406) 
2.114? 1.2513 -.0178 





-3.6153 1.78^5 1.0573 
(1.442) (.685) (.372) 
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Table 85# Slaughter of sheep sad lasbs bred sad stocked la 7 Cora Belt states (AX^ y), ig44 to ig 
pareathesls. Data used are first differences of observations. 
ne» Ceastaat 3^  X^j  ^  ^  ^Xg A Zj a Xg 
135 -178.29 47.39 -289.46 1,101.28 -854.92 
(772.08) (832.30) (1,781.79) (1,635.11) 
136 -166.06 425.59 211.36 1.978.26 394.40 
(676.30) (743.00) (1,388.26) (1,335.53) 
137 -165.67 444.84 -875.49 3.832.63 -1,478.02 
(625.27) (710.81) (1,658.34) (1,387.27) 
138 -259.90 568.94 -401.94 523.40 183.28 2,552.21 2,338.21 
(740.99) (739.00) (1,627.59) (1,491.02) (2,189.91) (2,o4i.6o) 
139 -166.97 325.54 -216.91 1,079.96 I8I.33 
(766.35) (737.68) (1,688.43) (1,427.52) 
140 -170.61 409.96 -343.13 1,394.68 -279.09 39.33 885.70 
(884.37) (871.64) (1,572.01) (1,457.20) (1,700.55) (1.685.62) 




144 -259.95 2,965.06 1,057.65 
(1,857.34) (1,926.73) 
145 -264.06 2,890.64 1,6*4.57 
(1,730.08) (1,795.66) 
146 -194.35 514.95 
(635.29) 
147 -182.77 -938.59 3,907.49 -1,289.65 
(687.62) (1,613.61) (1,327.72) 
148 -273.72 2,279.23 2,097.17 
(1,546.55) (1,588.14) 
ft 1944 te 1959* shoving regression coefficients with their standard errors in 











l,6ll.4i -2,434.16 -3.657.62 
(1.891.87) (3.286.42) (3.245.35) 
.65.13 482.98 
(411.33) (437.80) 
-3,561.11 -628.77 -835.84 9,387.71 
(4,362.09) (4,989.70) (12,474.03) (14,148.76) 
-3.663.06 -3,170.90 
(3.137.59) (3.419.96) 
1.057.65 -4,184.78 -261.94 -8,724.15 11,653.82 
(1,926.73) (4,156.29) (3.939.27) (12,157.74) (11.398.81) 
1,684.57 -2,186.40 -3,364.38 
(1.795.66) (3.142.35) (3,024.27) 
159.07 233.38 
(539.55) (455.94) 
-10,509.58 -72.27 198.93 










Table 85. (Continued) 
no. Constant A X^ ^ Xg ÛÏJ ^ X^ A Xg A Xy 
i4g -191.65 2,158.57 
(1,544.47) 
150 -220.93 2.052.85 
(1,378.61) 
151 -241.76 2,226.17 
(1,542.32) 
AXJ A Xg ^*10 AX11 AX12 A A A3C15 














Table 86, Slaughter of aheap and lambs bred and stocked in 7 Corn Belt states ( A *• -») 
their standard error# la parenthesis. Data used are first differences of 3 
Equation 
nomber Constant Axl *=2 **3 a 2^ Ax6 l
> AXg 




















































161 -.0383 1.5606 
(1.018) 
162 -.0401 1.3384 
(.989) « 
163 -.0281 
164 -.0287 .6938 
(.561) 




166 -.0266 .8737 
(.774) 
m Belt states (6 2,7)» 1944 to 1959* showing regression coefficients with 
'irat differences or logarithms of observations. 
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Table 87. Summary of statistical tests for equations 
100 through 166. 
Eq. 
no. 
100 .862 2.52*d 3.96*d 134 .666 1.91 N.S. 8.64** 
101 .838 1.98 + 4.20* 
7.54'"-:- . 
3.15 N.S. c 
135 .222 2.04 + .43 N.S. 
102 .917 2.331 136 
137 
.258 2.33* .70 N.S. 
103 .838 2.42* .425 2.55* 1.11 N.S. 
104 .843 2.26* 3.30 N.S. 138 .284 1.84 * .60 N.S. 
105 .834 2.23 + 3.03 N.S. 139 .212 2.25 + .40 N.S. 
106 .609 .85* .56 N.S. 140 .167 2.12* .30 N.S. 
107 .771 1.93 f 1.78 N.S. 141 .363 2.20 + .85 N.S. 
108 .797 2.03 4 2.95 N.S. 142 .225 ' 1.98 + .44 N.S. 
109 .867 2.44* 4.62* 143 .206 1.96* .52 N.S. 
110 .790 1.40? 2.09 N.S. 144 .376 1.19 + .91 N.S. 
111 .858 2.51+ 10.11*# 145 .361 1.79 + 1.13 N.S. 
112 .911 2.42 + 9.30** 146 .082 1.73 N.S. .58 N.S. 
113 .772 1.54* 4.79* 147 .393 2.47* 1.30 N.S. 
114 .815 2.62* 19.08** 148 .174 1.89 N.S. 1.37 N.S. 
115 .549 . 90* 1.56 N.S. 149 .193 2.25 N.S. .95 N.S. 
116 .790 1.78* 11.31** 150 .322 2.01 N.S. 1.90 N.S. 
117 .772 2.58 + 2.63 N.S. 151 .204 1.86 N.S. 1.02 N.S. 
118 .714 2.30* 2.39 N.S. 152 .276 2.06 * .57 N.S. 
119 .839 2.88* 4.39* 153 .142 2.50 * .33 N.S. 
120 .694 2.37* 1.57 N.S. 154 .317 2.16 * .70 N.S. 
121 .737 2.43+ 2.08 N.S. 155 .325 2.05 + .72 N.S. 
122 .692 2.474 1.56 N.S. 156 .250 2.47 * .50 N.S. 
123 .686 1.55 + 1.51 N.S. 157 .092 2.29 * .15 N.S. 
124 .806 2.64* 3.36 N.S. 158 .458 2.37 + . 1.27 N.S. 
125 .684 2.04* 1.07 N.S. 159 .372 2.14* .89 N.S. 
126 .762 2.39 * 2.45 N.S. 160 . 353 2.08 * 1.09 N.S. 
127 .577 1.36* .97 N.S. 161 .482 1.77 * 1.40 N.S. 
128 .739 2.54* 19.66** 162 .385 2.35 + 1.25 N.S. 
129 .835 2.62s* 7.73** 163 .046 1.99 N.S. .07 N.S. 
130 .636 1.99 N.S, .12.23** 164 .219 2.03 N.S. 1.82 N.S. 
131 .599 1.64* 3.68 N.S. 165 .433 2.06 N.S. 2.10 N.S. 
132 .507 .85# 3.83 N.S. 166 .383 2.50 N.S. 2.49 N.S. 
133 .742 2 .39 N^. 20.11** 
^Coefficient of multiple determination. 
"^Durbin-Watson autocorrelation statistic. 
CF value for the contribution of the price-cost varia­
bles in the battery of all repressor variables. 
^N.S. = Not significant, P .05. 
* = Significant at the 5 per cent level. 
** = Significant at the 1 per cent level. 
$ = Inconclusive at the 5 per cent level. 
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Since 1844 when data for the commercial slaughter of 
sheep and lambs first became available there has been a down­
ward trend in the number of sheep bred in this region. The 
extent of this trend is indicated by the negative coefficients 
of variable X^g in non-first differences equations 100 through 
134, and the constant terms of equations 135 through 166. 
Time accounts for a greater portion of change in the first 
differences analyses. Constant terms of the first differ­
ences equations are all greater, equation for equation, than 
the coefficients of X^6 in the non-first differences equa-
p 
tions. The R and F values are also considerably less 
adequate for the first differences equations than their non-
first differences equivalents. Again, the deletion of 
variables from equations does not appreciably alter the size 
of the remaining coefficients, but standard errors of these 
coefficients are always reduced. 
Coefficients of variables through X^ suggest that 
there is an inverse relationship between the price or avail­
ability of feed relative to lamb prices and the length of 
time bred stock are kept on farms. Positive coefficients of 
X-jL and Xg (the latter being quite strong in non-first differ­
ences equations) suggest that if feeding conditions are 
rather poor during the summer months, the sale of lambs may 
be deferred with a consequent increase in the supply of 
lambs and sheep in the following year. Coefficients of the 
same variables lagged a further year, Xg and X^, are in 
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general negative, suggesting an overadjustment in sales of 
sheep and lambs in the year following feed scarcity. 
Coefficients of variables X§ and Xg, the hog to slaugh­
ter lamb price ratios lagged 1 and 2 years provide no evidence 
for a competitive relationship between sheep and hog breeding 
in the Corn Belt states. Coefficients of the slaughter steer 
to slaughter lamb price ratios lagged 1 and 2 years, Xy and 
Xg, are irregular and generally small in relation to their 
standard errors in non-first differences equations, but are 
consistently positive in all first differences equations. 
Similarly coefficients of the milk to slaughter lamb price 
ratios lagged 1 and 2 years, X-^ and X^g, are in general 
positive and are frequently much larger than their standard 
errors, particularly in equations incorporating fewer varia­
bles. Coefficients of the lagged 5-year moving average milk 
to slaughter lamb ratio, X^g, behave irregularly. These 
coefficients provide no evidence for meat price competition 
between sheep breeding and other livestock production in 
the Corn Belt states, at least in the short-run. There may 
even be a complementary relationship within limits between 
sheep raising and other grazing animals, as sheep can use 
labor and feed resources which are otherwise left under­
utilized. 
Coefficients of the variable Xg, the feeder lamb to 
slaughter lamb price ratio in year t-1, are generally 
strongly negative. This ratio also reflects the cost of 
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purchasing western range ewes for Corn Belt flocks relative 
to the price of slaughter lambs. Corn Belt flocks can be 
readily built up by purchasing range ewes, and a lamb crop 
can be sold from these ewes within a year of purchase. 
Negative coefficients of Xg indicate a marked response on 
behalf of Corn Belt lamb breeders to the price of western 
range ewes. Coefficients of X^Q are also generally negative, 
but they exhibit more irregularity and are smaller in rela­
tion to their standard errors. 
The variable X^, the price of wool relative to the 
price of lambs, is the only current price variable used in 
these analyses. It is included here to test whether current 
wool prices in relation to returns from mutton and lamb in­
fluence decisions on whether to sell or retain ewes and ewe 
lambs. Simultaneous equation bias from the introduction of 
this variable is considered to be quite small. Coefficients 
of X^ in non-first differences equations are very irregular, 
though they are generally negative in first differences equa­
tions. There is thus scant evidence for inventory adjust­
ments taking place within the year on the basis of wool 
prices relative to prices for slaughter lambs, though in 
1951 sheep and lamb sales from bred stock were very low, 
presumably in response to the exceptionally high wool prices 
of that year. Positive coefficients of variable X-j_g, the 
same variable lagged 1 year, indicate that wool prices are 
important in breeding decisions, however. When wool prices 
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have been high relative to the return to meat, Corn Belt 
farmers have bred sheep, with a consequence that more sheep 
and lambs have been slaughtered in the years following. 
Hence in considering the competitive relationship between 
sheep breeding and other livestock in the Corn Belt both lamb 
and wool prices should be considered. Ho effort has been made 
to aggregate these prices in this analysis. There is no 
evidence to support the contention that sheep breeding com­
petes with other livestock on a comparative meat price basis, 
though there is some evidence to suggest that sheep may 
compete with other livestock on the basis of wool prices 
relative to other livestock product prices. Yet wool prices 
and slaughter sheep and lamb prices are not independent, and 
the nature of these relationships requires a more analytical 
treatment than has been given in this section. 
Summary 
In the Corn Belt states the breeding of sheep for lambs 
is one of many feasible livestock activities and in terms of 
the total allocation of resources in the region is rather 
minor. It has also been of declining importance. Logarith­
mic equations suggest that the response relationship has 
shifted throughout the period at an annual compound rate of 
from -2 to -7 per cent, though the estimates vary between 
formulations. 
In many cases the breeding of sheep for lambs does not 
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appear to compete with other livestock enterprises, but 
rather may use resources otherwise left underutilized by 
them. This may be true of sheep breeding in relation to 
dairying. There is no indication of any effect of changing 
hog or cattle prices relative to slaughter lamb prices on 
sheep breeding. The-sale of lambs from locally bred ewes 
maybe deferred in years of feed shortage. Farmers appear 
to take into consideration the costs of replacements for the 
breeding flock when making breeding decisions. An increasing 
relative cost of breeders decreases sales of lambs from bred 
ewes in the following year. Wool prices relative to the 
price of meat may also have a bearing on sheep breeding 
decisions. A rise in the price of wool relative to the price 
of lambs is associated with an increase in slaughter of 
sheep and lambs in the following year. 
Conclusions 
Since 1940 there has been a general downward trend in 
the number of sheep and lambs annually slaughtered, though 
in the last decade the number has tended to stabilize, apart 
from cyclical movements similar to those manifested in cattle 
production. The 3 component sources of supply of lamb and 
mutton examined in this chapter have all exhibited a downward 
trend, but the estimates of the extent of the non-price 
shifts in supply have varied considerably between functional 
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formulations. Price effects appear to be in general strongest 
in non-first differences formulations, and equations estimated 
from logarithmic transformations of data indicate that shifts 
in supply for western sheep and lambs, demand for stockers 
in the Corn Belt states, and the supply of locally bred sheep 
and lambs in the Corn Belt states have been at the average 
annual rates of-1.4, -13, and -2.3 per cent, respectively. 
Estimates of price responses are very varied, and it 
appears to be wise to place little faith in any particular 
equation for estimation. In general the components of sheep 
and lamb supply do not appear to be as responsive to relative 
price movements as are the comparable components of beef 
supply. The supply of sheep and lambs from the western range 
and mountain states seems to be largely determined by long-
run price movements and range conditions in the past and 
present seasons. Sales of sheep and lambs from these states 
increase in years of poor range conditions, but the long-run 
effect of poor range conditions is to diminish supplies. 
In post-war years there has been a general decline in both 
the price received for lambs relative to the price for 
feeders and stockers and the price received for wool to the 
price of lambs (and meat in general). Analyses indicate that 
the rate of liquidation of western range and mountain flocks 
increases as these long-run (5-year moving averages) ratios 
decline, and hence the short-run marketings of western sheep 
and lambs increase. 
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The analyses indicate that sheep and lamb feeding is 
quite responsive to price changes, but most response follows 
a year after the price change. A 10 per cent increase in 
the price of feed grains relative to the price of slaughter 
lambs at the time of most intensive feeder buying appears to 
elicit a 4 per cent decline in the quantity of feeders 
purchased in the following year. Ten per cent increases 
in the prices of slaughter cattle or hogs relative to slaugh­
ter lambs are associated with declines in the purchases of 
feeder sheep and lambs in the following year of 7 and 2 per 
cent, respectively. There is evidence that an increase in 
the price of feeder lambs relative to the price of slaughter 
lambs decreases the purchase of feeder sheep and lambs in 
the current period, but the various functional forms are 
inconsistent in estimating the extent of this response. 
Sheep breeding in the Corn Belt states appears to be 
independent of the relative prices of hogs and cattle. Most 
price response appears to be with respect to the costs of 
purchasing replacement ewes and the relative prices of wool 
and lambs. A 10 per cent increase in the cost of feeder 
sheep and lambs relative to the price of slaughter lambs is 
associated with a decline in the slaughter of locally bred 
sheep and lambs of approximately 4 per cent in the following 
year. Signs of coefficients provide evidence that the price 
of wool relative to the price of lambs may affect culling 
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and breeding decisions. A decline in the price of wool 
relative to the price of slaughter lambs Is associated with 
a rise in the current sales of sheep and lambs as possibly 
fewer lambs are kept for breeding or breeding ewes are sold, 
and consequently there are fewer sales of sheep and lambs 
in the following year. 
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CHAPTER IX; SECTOR DEMAND FOR FEED GRAINS 
The economic theory of supply for the competitive firm 
was seen to be an integral part of a comprehensive theory 
relating production, cost, and supply functions. This is 
the theory of optimum resource allocation for profit maximi­
zation with given prices and costs. The supply function 
follows by solving a maximized profit equation for product 
output in terms of its own price, alternative product prices, 
and all input costs. A derived factor demand function follows 
directly by solving a similar maximized profit equation for 
the factor in terms of its own price, all product prices, and 
other input costs. Product supply and factor demand func­
tions are thus determined by relevant production functions 
(which together specify production possibilities) and choice 
indicators, which for the competitive firm are price ratios. 
The industry product supply and factor demand functions 
follow as the aggregation of individual firm functions. In 
the strict economic model of perfect competition the aggre­
gation is not straightforward. The industry production 
possibility function is the summation of the firm production 
possibility functions. Yet due to the distribution of fixed 
resources a given choice indicator may define an industry 
supply function, the summation of optimum firm outputs, which 
is quite different from the output which the same choice 
indicator would define from the industry production possi­
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bility function. Furthermore, for the industry simple price 
ratios cease to be the appropriate choice indicators due to 
the market effects of changes in input and output levels on 
resource and product prices. 
Yet the analyses of this study, though guided by the 
competitive firm model, have not assumed the perfect knowl­
edge situation of the perfect competition model. Supply has 
been assumed to follow from many decisions made through time, 
and the appropriate choice indicators have been taken to be 
price ratios operating at these times. The supply analyses 
of the various livestock sectors have been analyzed in these 
terms. Relevant price variables are product to product price 
ratios and factor cost to product price ratios distributed 
through time. The theory of optimum resource allocation for 
profit maximization suggests that the choice indicators which 
are appropriate for determining product supply are also 
appropriate for determining factor demand. Therefore price 
variables used for estimating the demand for factors by the 
various livestock sectors should be essentially those used 
for the estimation of sector supply. 
Livestock supply is intimately associated with the 
levels of feed inputs allocated by the market to the various 
livestock sectors. Feed grain prices have been seen to be 
of varying importance in accounting for the supply of various 
livestock sectors. Many analysts have considered the 
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relationships between livestock numbers and prices and the 
quantity and price of feed grains, e.g., Fodte (29), Hildreth 
and Jarrett (49), and Shepherd and Richards (80). In the 
current stage of this study the flows of feed grains into the 
various livestock sectors are analyzed essentially in terms 
of the same variables used to estimate the livestock sector 
supplies. Breimyer (11) suggests that at least in post-war 
years it has been feed grain prices rather than feed supplies 
which determine response in the livestock economy. Hence 
our analyses should enable the prediction of the effects of 
alternative feed grain price policies on the flows of feed 
grains into various livestock sectors and the consequent 
effects on livestock products coming onto the market. 
Empirical Analyses 
Jennings (53) has estimated the quantities of feed 
grains annually consumed by each class of livestock since 
1909. They are summarized in Table 88, These figures are 
themselves estimated from livestock inventory and quantity 
of production data, together with feed-output and farm 
management studies. The feed grain demand analyses are hence 
essentially another facet of the analyses of livestock supply 
already discussed. 
Jennings' data apply to feed grain consumption on an 
























All feed grains (thousand tons) fed to different classes of 





Hogs Farm hens, 
pullets and 
chickens 
Broilers Turkeys Sheep 
9,581 4,570 26,704 13,474 190 1,035 1,185 
7,853 2,235 25,361 10,175 255 855 320 
10,442 4,752 32,694 12,537 355 975 1,075 
11,570 5,695 33,523 13,470 420 1,210 1,035 
12,331 5,820 36,452 13,300 560 1,235 945 
13,738 6,738 35,870 15,210 786 1,212 936 
15,327 6,805 41,347 18,290 940 1,280 1,030 
16,891 7,785 55,345 22,321 1,275 1,105 1,065 
16,751 7,565 53,180 21,888 1,145 1,230 965 
16,872 7,660 42,783 21,360 1,545 1,495 960 
16,639 8,900 48,221 20,713 1,245 1,430 910 
16,071 8,187 41,126 18,856 1,230 1,155 785 , 
14,798 6,190 57,028 17,181 1,405 1,015 710 
15,782 8,755 39,546 18,345 1,825 1,350 632 
15,880 8,574 42,550 20,374 2,118 1,394 601 
15,631 10,620 44,781 18,890 2,525 1,520 585 
15,580 12,861 45,165 18,030 2,740 1,635 675 
16,190 11,257 35,309 17,492 3,005 1,540 685 
16,267 10,833 37,663 17,763 3,275 1,810 670 
16,362 11,322 38,992 16,123 3,235 1,645 680 
16,927 12,725 41,226 16,788 3,880 2,130 665 
17,297 12,750 40,741 16,392 4,090 2,290 655 
18,840 12,755 43,029 17,310 4,795 2,350 840 
19,944 14,746 49,948 18,713 5,026 2,503 880 
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are in some cases modified to accommodate the change from 
the livestock (calendar) year to the corn crop (October 1) 
year. 
The analyses of feed grain demand by various livestock 
sectors are only summarily reported in this chapter. The 
more precise definitions of price variables follow directly 
from those given in the appropriate earlier chapters. Analy­
ses were made on the original data and the data variously 
transformed. Only those functional forms which give most 
reasonable and consistent estimates are reported. though 
again equations incorporating a variety of variable combina­
tions are summarized lest equation selection leads to a 
greater likelihood of making a Type I inferential error. 
Data used in all analyses are for the years 1935 through 
1958, though in the case of feed grain consumption by hens, 
pullets, and farm chickens, the observations for the atypical 
years 1942 through 1946 are omitted. While sheep and lambs 
make a small though significant contribution to the value 
of annual livestock production, feed grain consumption by 
sheep and lambs is very small and is not considered in 
these analyses. 
Feed grain consumption by dairy cattle 
Variables used in these analyses are : 
Feed grain to milk price ratio, year t. 
Xg Feed grain to milk price ratio, year t-1. 
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Xg Feed grain to hay price ratio, year t. 
X^ Feed grain to hay price ratio, year t-1. 
Xg Cattle feeding margin to milk price ratio, year t. 
Xg Cattle feeding margin to milk price ratio, year t-1. 
Xy Slaughter cattle to milk price ratio, year t. 
Xg Slaughter cattle to milk price ratio, year t-1. 
Xg 5-year moving average hog to milk price ratio, 
year t. 
X.g Total feed grain consumption (thousand tons) by 
dairy cattle, year beginning October 1 of year t. 
Equations relating variable X^ Q to various combinations 
of the price ratio variables are summarized as equations 1 
through 12 of Table 89. The data used in these equations are 
first differences of original observations. The equations 
in general account for variation in annual feed grain consump­
tion by dairy cattle as well as do the equivalent first 
differences equations estimated to account for variation in 
annual milk production. 
Since 1935 there has been more than a 2-fold increase 
in the annual feed grain consumption by dairy cattle, despite 
a significant decline in the number of milking cows on farms. 
Increasing productivity per cow is thus associated with 
increasing levels of grain feeding, and factors accounting 
for the annual consumption of feed grains by dairy cattle 
are akin to those accounting for changes in milk production 
per cow. 
353 
Table 89. Feed grain consumption by dairy cattle for year beginning October 1 (X^Q) 
coefficients with their standard errors In parenthesis. Data used are fi 
Equation 
comber Constant =1 
*2 *3 
=4 % *6 
















































































IT tie for year beginning October 1 (X^Q), 1935 to 1958: shoving regression 
irrera in parenthesis. Data used are first differences of original raines. 
*3 % =6 V h *9 H2 
te. 79 -1,496.59 -70S.18 -784.49 -130.25 .660 
31.63) (791.23) (454.24) (393.98) (153.36) 
68.05 -782.56 474.06 -362.92 -230.63 .603 
52.51) (932.66) (354.145 (377.52) (210.37) 
58.46 -457.10 -801.22 -186.36 .578 
78.02) (468.62) (424.42) (162.13) 
43.12 574.34 -517.33 -313.67 .585 
OI.83) (330.27) (326.57) (183.91) 
92.45 -1,384.73 -412.55 -170.28 -99.50 .577 
03.94) (930.98) (480.26) (343.75) (180.28) 
41.34 -251.02 -333.50 -176.98 .514 
156.26) (485.22) (337.88) (179.01) 
03.29 -154.71 -117.66 .482 
197.13) (408.64) (165.07) 
7.98 316.78 -167.63 .508 
191.75) (302.07) (166.97) 
-1,186.92 -444.61 -764.54 .626 
(544.07) (378.05) (362.38) 
317.27 -I67.8I .508 
(287.82) (161.03) 
-447.67 -IO5.45 .519 
(345.47) (147,66) 
543.81 -489.05 -3OI.I6 .581 
(309.65) (307.64) (175.50) 
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There is a marked short-run response to changes in X^, 
estimates of the elasticity of response with respect to this 
variable centering on -.2. There is no consistent evidence 
for a response to changes in Xg. Changes in the price of 
feed grains relative to the price of hay appear to elicit 
no change in the consumption of feed grains by dairy cattle 
during the current year, though such changes are associated 
in a negative manner with feed grain consumption in the year 
following, indicating factor substitution between feed grains 
and roughage as their lagged prices vary. Increases in the 
cattle feeding margin to milk price ratios in_both the cur­
rent and preceding years, X5 and Xg, appear to cause less 
feed grains to be channeled into milk production. In like 
manner increases in the long-run profitability of feeding 
hogs relative to milking cows appear to cause a diminution 
of feed grain consumption by dairy cattle. 
Feed grain consumption by beef cattle 
Variables used in these analyses are : 
X-^ Slaughter steer (Chicago) to feeder and stocker 
(Kansas City) steer price ratio, August to December, 
year t. 
Xg Slaughter steer (Chicago) to feeder and stocker 
(Kansas City) steer price ratio, August to December, 
year t-1. 
X, Feed grain to slaughter steer (Chicago) price 
ratio, August to December, year t. 
X^ Feed grain to slaughter steer (Chicago) price 
ratio, August to December, year t-1. 
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Xg Feed grain to hay price ratio, year t. 
Xg Feed grain to hay price ratio, year t-1. 
Xy Hog (national) to slaughter steer (Chicago) price 
ratio, August to December, year t. 
XR Hog (national) to slaughter steer (Chicago) price 
ratio, August to December, year t-1. 
Xg 5-year moving average milk (national) to slaughter 
steer (Chicago) price ratio, year t. 
X-^Q Time. 1935 = 1 to 1958 = 24. 
Xn Total feed grain consumption (thousand tons) by 
beef cattle, year beginning October 1 of year t. 
Equations relating variable X]_]_ to various combinations 
of the other variables are summarized as equations 13 through 
23 of Table 90. The data used in these equations are origi­
nal values of observations. Regressor variables incorporated 
into the equations are those employed to account for the 
annual sale of feeder and stocker cattle, together with the 
feed grain to hay price ratios, Xg and X^. Equations 13 
through 23 account well for variation in feed grain consump­
tion by beef cattle, but this is largely due to the strong 
positive time trend. 
Coefficients of the slaughter steer to feeder and 
stocker steer price ratios, X^ and Xg, are unexpectedly 
negative. Both variables exhibit a marked negative trend 
over time while there has been a 3-fold increase in X-^ dur­
ing the period. Yet first differences transformations of 
the original data or their logarithms, which largely remove 
trends, do not cause a reversal in the signs of the coeffi-
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fable 90* Feed grêla consumption by beef cattle for the year beginning October 1 
coefficients with their standard errors In parenthesis. Data used are orlgi 
Et. 
no. Constant 4 %2 =3 % *5 *6 
13 18,431.98 -4,061.70 
(1,461.33) 
-696.94 (1,253.46) -317.43 (786.03) 1,738.17 (658.12) -953.80 (905.50) -1,215.84 (805.73) 
l4 16,987.5% -4,4l4.84 
(1,506.83) 
-4i4.66 (1,294.72) -129.30 (810.70) 1.589.33 (679.72) -1,222.88 (927.38) 
15 16,392.37 -4,289.30 (l,54o.4l) -1,144.38 (1,198.98) -590.56 (749.15) 1.552.18 (695.66) 
16 12,427.08 -3,832.30 (1.560.#0) -1,195.87 (1,239.88) -651.25 (773.85) 1,231.15 (682.69) 





18 10,93^.3% -2,925.74 (1.375.45) -772.01 (770.83) -1,022.58 (906.89) 
19 13.107.67 -3,084.33 (1,370.64) -1,126.50 (729.33) 
20 10,150.71 -3.078.23 (1.378.51) -1,067.75 (731.57) 
21 18,730.13 -4,401*85 (1,264.77) 1,685.34 (550.88) -1!» 
-i.33%>3 
(667.33) 
22 16,916.99 -4,584.26 (1,306.37) 1,582.94 (563.79) -1,431.43 (667.54) 
23 13,935.06 -2,882.17 (1,308.58) 
-748.11 (642.63) -1,045.17 (868.20) 
the year beginning October 1 (%n), 1935 to 1958: showing regression 























x7 *8 =9 *10 B2 
-226.59 (1,868.79) -1,166.73 (1,631.88) -29,803.50 (16,496.7%) 3%9.09 (3%.19) .967 
-137.58 (1,951.19) -2,137.83 (1.566.53) -26,208.91 (17,052.12) 35%. %9 (35.52) ,961 
-119.78 
(1,998.62) 
-1,957.81 (1,958.52) -25,449.16 (17,457.06) 350.20 (36.2%) .956 
—671.68 
(2,030.29) 








-49%.29 (1,856.43) 373.92 (30.52) .939 
118.82 (2,000.45) -17,918.94 (16,228.61) 3%8.83 (37.89) .939 





(1,363.64) -27,511.47 (14,932.13) 357.13 (31.17) .960 
-i7.478.ll (14,417.78) 348.94 (36.22) .943 
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oients of X^ and Xg. Increases in the price of feed grains 
relative to the price of slaughter cattle during August to 
December appear to diminish the quantity of feed grains fed 
to beef cattle during the grain year beginning in this 
period, though coefficients of variable X^ are strongly 
positive. Deletion of variable X^ increases the negative 
coefficients of Xg. Elasticity estimates with respect to 
Xg and Xg center on -.2. 
Coefficients of variable X^ are generally weakly nega­
tive, while those of Xg are strongly so, indicating a 1 year 
lag before price can petition between hogs and beef cattle 
cause a major shift in the allocation of feed grains. This, 
however, is contrary to the evidence obtained from the direct 
analyses of the supply of hogs and the demand for feeders 
and stockers, where the major short-run competitive effects 
were apparent during the current year. Again, data trans­
formations of variables in equations 13 through 25 fail to 
reverse the relative strength of these coefficients. Since 
1935 there has been a general decline in the price of milk 
relative to the price of beef. This has been associated 
with a decline in dairy cow numbers and an increase in the 
numbers of cattle annually fed. Coefficients of variable 
Xg, the 5-year moving average milk to slaughter steer price 
ratio are hence strongly negative. 
558 
Feed grain consumption by hogs 
Variables used in these analyses are : 
X-j_ Feed grain to hog price ratio, October through 
December, year t. 
Xg Feed grain to hog price ratio, October through 
December, year t-1. 
Xg Feed grain to hog price ratio, April through 
June, year t. 
X^ Milk to hog price ratio, April through June, year t. 
Xg Milk to hog price ratio, April through June, 
year t-1. 
Xg 5-year moving average milk to hog price ratio, 
year t. 
X7 Cattle feeding margin to hog price ratio, October 
through December, year t. 
Xg Cattle feeding margin to hog price ratio, October 
through December, year t-1. 
Xg Time. 1935 = 1 to 1958 = 24. 
X^g Total feed grain consumption (thousand tons) by 
hogs, year beginning October 1 of year t. 
Equations relating variable X-J_Q to various combinations 
of the other variables are summarized as equations 24 through 
34 of Table 91. The data used are original values of 
observations in equations 24 through 28 and first differences 
of logarithms in equations 29 through 34. These equations 
do not account for annual feed grain consumption as adequate­
ly as do their equivalents for annual hog production, but 
the general conclusions drawn for each set of equations are 
similar. 
There is a marked short-run response to changes in X-^, 
Table 91. Feed grain consumption by hogs for the year beginning October 1 (X^), 
1935 to 1958i showing regression coefficients with their standard 
errors in parenthesis. Data used are original values of observations 
in equations 24 through 28 and first differences of logarithms in 
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the October through December feed grain to hog price ratio 
in the current year, though there is no consistent evidence 
for a response to variables Xg and Xg. Estimates of the 
elasticity of response with respect to Xj range between -.15 
and -.23. Short-run changes in the price of milk relative 
to the price of hogs do not give rise to consistent changes 
in feed grain allocation, though consistently negative 
coefficients are associated with variable Xg, the 5-year 
moving average milk to hog price ratio. Negative coeffi­
cients of both variables X^ and Xg indicate that price compe­
tition between hogs and beef does give rise to short-run 
shifts in the allocation of feed grains between hogs and 
cattle. Coefficients of both variables are of the same order 
of magnitude indicating that the competitive price effects 
operate both in the current year and with a 1 year lag with 
about the same strength. Only the 1 year lag effect was 
indicated with any strength in the analysis of feed grain 
consumption by beef cattle. 
Feed grain consumption by hens, pullets, and farm chickens 
Variables used in these analyses are: 
Xj Feed grain to egg price ratio, November, year t, 
to May, year t+1. 
Xg Feed grain to egg price ratio, November, year 
t-1, to May, year t. 
Xg Farm chicken to egg price ratio, year t. 
X, Hog to egg price ratio, October through December, 
•year t. 
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Xg Broiler to egg price ratio, November, year t, 
to May, year t+1. 
Xg Broiler to egg price ratio, November, year t-1, 
to May, year t. 
Xiy Annual production per layer, year t+1. 
Xg Total feed grain consumption (thousand tons) by 
hens, pullets, and farm chickens, year beginning 
October, 1 of year t. 
Equations relating variable Xg to various combinations 
of the other variables are summarized as equations 35 through 
42 of Table 92. The data used are first differences of 
original values in equations 35 through 37 and first differ­
ences of logarithms in equations 58 through 42. Observations 
for the years 1942 through 1946 were deleted from the analy­
ses due to many of the atypical aspects of the expansion of 
egg production during the war years. 
Movements in the prices of feed grains relative to 
prices of eggs appear to be important in accounting for 
changes in feed grain consumption by hens, pullets, and farm 
chickens. Coefficients of variables X^ and Xg are consis­
tently negative, the former being strongly so with an 
estimated elasticity of response with respect to X^ centering 
on -.4. The stronger response to current changes in feed 
grain prices is contrary to the observed effects of the same 
variables on egg production, though there is some change in 
the accounting period for response. As the farm chicken to 
egg price ratio, Xg, increases farmers appear to cull layers 
Table 92. Feed grain consumption by hens, pullets, and farm chickens for the year 
beginning October 1 (Xg), 1955 to 1958 omitting years 1942 through 1946: 
showing regression coefficients with their standard errors in parenthe­
sis. Data used are first differences of original values of observations 
in equations 35 through'37 and first differences of logarithms in 
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at an earlier age, with a consequent decline in feed grain 
consumption. Price competition between eggs and hogs does 
not appear to cause any adjustment in the allocation of feed 
grains between these sectors. Nor does price competition 
between eggs and broilers during the major decision months 
of the current year, though the negative coefficients of 
variable Xg provide weak evidence for a slight lagged 
competitive effect of egg and broiler prices on the alloca­
tion of feed grains between these sectors of the poultry 
industry. There appears to be no effect of annual production 
per layer, independent of time, on feed grain consumption by 
hens, pullets, and chickens. Although egg production per 
bird has increased considerably during the period, feed 
requirements per 100 dozen eggs have not changed appreciably. 
Feed grain consumption by broilers 
Variables used in these analyses are : 
X^ Feed grain to broiler price ratio, year t. 
Xg Feed grain to broiler price ratio, year t-1. 
Xg Egg to broiler price ratio, November, year t, 
to May, year t+1. 
X4 Egg to broiler price ratio, November, year t-1, 
to May, year t. 
X,_ Baby broiler chick to broiler price ratio, year t. 
Xg Broiler-feed, conversion rate, year t+1. 
Xy Total feed grain consumption (thousand tons) by 
broilers, year beginning October 1 of year t. 
Equations relating variable X7 to various combinations 
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of the other variables are summarized as equations 43 through 
49 of Table 93. The data used are first differences of 
original values of observations. Observations for variable 
Xg are only available since 1947, so equations incorporating 
this variable (46 through 49) use data from 1947 to 1958. 
Negative coefficients of variable X^ indicate that an 
increase in the price of feed grains relative to the price 
of broilers during the calendar year leads to a decline in 
feed grain consumption by broilers in the following grain 
year. The response is not strong, however, estimates being 
slightly greater for the 1947 through 19 58 period than for 
1935 through 1958. Coefficients for the same variable lagged 
a further year, Xg, are positive in equations 43 through 45 
•and negative in equations 46 through 49, indicating that 
commercial broiler producers may be becoming more sensitive 
to the relation between feed and broiler prices. Strongly 
positive coefficients are associated with the egg to broiler 
price ratio, Xg, extending the enigmatic role played by the 
price of eggs in the estimation of annual broiler and turkey 
supply. The short post-war series analyzed suggests that 
increases in the cost of baby broiler chicks relative to 
the return for broilers discourage broiler production and 
also the consumption of feed grains by broilers. Rapid 
gains in the broiler-feed conversion rate during the post­
war period have operated to restrain feed grain consumption 
Table 93. Feed grain consumption by broilers for the year beginning October 1 
(Xy), 1935 to IS58 and 1947 to 1958: showing regression coefficients 
with their standard errors in parenthesis. Data used are first 
differences of original values of observations and run from 1935 to 
1958 in equations 43 through 45 and from 1947 to 1958 in equations 
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by broilers, though there has been a spectacular expansion 
in the consumption of feed grains by broilers as the indus­
try has developed since 1934. 
Feed grain consumption by turkeys 
Variables used in these analyses are: 
X]_ Feed grain to turkey price ratio, October to 
December, year t. 
Xg Feed grain to turkey price ratio, October to 
December, year t-1. 
Xg Egg to turkey price ratio, October to December, 
year t. 
X, Egg to turkey price ratio, October to December, 
year t-1. 
X5 Broiler to turkey price ratio, October to 
December, year t. 
Xg Broiler to turkey price ratio, October to December, 
year t-1. 
Xy Hog to turkey price ratio, October to December, 
year t. 
Xg Hog to turkey price ratio, October to December, 
year t-1. 
Xg Turkey-feed conversion rate, year t+1. 
X^Q Total feed grain consumption (thousand tons) by 
turkeys, year beginning October 1 of year t. 
Equations relating variable X^Q to various combinations 
of the other variables are summarized as equations 50 through 
55 of Table 94. The data used are first differences of 
logarithms. The equations account for annual variations in 
feed grain consumption by turkeys more adequately than do 
the corresponding equations account for annual variations 
Table 94. Feed grain consumption by turkeys for the year beginning October 1 
(X10), 1935 to 1958: showing regression coefficients with their 
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2 
50 .0212 .2033 .0128 .3702 .1091 .4652 .1055 .2014 .2572 -.4262 .805 ( .082) ( .088) ( .187) ( .216) ( .216) ( .200) ( .127) ( .086) (.605) 
51 .0203 — .1945 — .0288 .3879 .1507 — .4335 .1015 -.2286 — .2390 .798 ( .080) ( .083) ( .182) (.203) ( .207) ( .196) ( .118) ( .081) 
52 .0212 _ .1996 .0054 .2997 — .4904 .1173 — .1615 -.2575 -.5019 .801 ( .080) ( .078) ( .121) ( .204) ( .193) ( .097) ( .084) ( .565) 
53 .0201 .1862 _ .0064 .2876 — .4615 .1180 — .1771 .2339 .790 ( .078) ( .076) ( .120) ( .200) ( .192) ( .094) ( .079) 
54 .0145 «. 1846 .3302 .5576 -.1538 .655 ( .079) ( .138) ( .184) ( .102) 
55 .0178 .1867 .2942 — .5419 .1531 • .2195 .784 ( .065) ( .113) ( .150) ( .083 ) ( .069) 
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in turkey production. 
Since 1935 there has been a 4-fold increase in turkey 
production, but a considerably less than proportional in­
crease in feed grain consumption by turkeys. As the turkey-
feed conversion rate has improved over time, given quantities 
of turkeys have been produced with smaller quantities of 
feed, as indicated by the negative coefficients of variable 
Xg. Movements in the price of feed grains relative to the 
price of turkeys during the October through December period 
appear to be important in accounting for changes in feed 
grain consumption by turkeys. Estimates of the elasticity 
of response with respect to variable X-^ are close to -.2, 
with no consistent indication of any response to the same 
variable lagged 1 year. Again the egg to turkey price 
ratios, Xg and X^, have unaccountable positive coefficients, 
the coefficients of the former variable being in general 
more than twice the magnitudes of their standard errors. 
Negative coefficients of variable Xg indicate that during 
the important decision months of October through December 
the relationship between broiler and turkey prices are 
important in determining whether broilers or turkeys will 
be raised, at least in significant marginal cases, and hence 
also the level of feed grain consumption by turkeys. No 
significant response is associated with movements in the 
same variable lagged 1 year. The competitive relationship 
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between turkeys and hogs found in the analysis of annual 
turkey supply also is evident from the negative coefficients 
of variables Xy and Xg. Again the response to changes in 
the relative prices of hogs and turkeys appears to be 
sustained over more than 1 period. 
Conclusions 
These analyses indicate that the quantities of feed 
grains annually consumed by the various livestock sectors 
depend upon the various feed grain to livestock product and 
product to product price ratios operating at critical times. 
They do not account for many of the fundamental aggregate 
problems of total feed grain production, price, and disposal, 
however. Many of these questions have been analyzed by 
other workers. For given supplies of feed grains the free 
market prices of these grains are set by, rather than set­
ting, the price of livestock products. Thus Foote et al. 
(30, p. 30), writing in 1952, conclude that "feed prices are 
determined mainly by the supply of feed, the number of 
animal units to be fed, and the level of livestock prices". 
Shepherd and Richards (80) further conclude that the large 
scale operations of the Commodity Credit Corporation 
since 1948 have considerably reduced feed grain price 
variability. 
The effects of feed grain prices on consumption by the 
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various livestock sectors depend largely on the role of feed 
grains in the total production process. This varies "between 
the livestock sectors. On the one hand it depends upon the 
use of feed grains for maintenance, and the time period in­
volved in expanding the number of breeding animals. On the 
other hand it depends on the role of feeding for production, 
and the potential for profitable adjustments in the levels 
of grain feeding as the feed grain to product price ratios 
vary. 
Where a considerable portion of current expenditure is 
allocated to the maintenance of investment which cannot be 
readily varied in the short-run, such expenditure must be 
considered as a fixed cost of production, varying solely 
with the price rather than level of the input. Breeding 
stock in the dairy, beef, and sheep sectors must be con­
sidered as fixed investments with respect to decisions made 
on the basis of a within-year price change. This is not true 
for the poultry sectors where flock size is easily changed 
and the normal bird life is short. The situation is inter­
mediate for hogs. Hence feed grain consumption for main­
tenance is likely to vary little on the basis of changing 
feed grain prices in the dairy, beef, and sheep sectors, 
yet considerable variation for maintenance is likely in the 
poultry sectors. In addition, little or no feed grains are 
used for maintenance in milk, beef, or lamb production, 
whereas the feasibility of profitable substitution for feed 
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grains in poultry production is very limited. Again, the 
situation for hogs is intermediate. 
Profitable year to year variation in the level of 
feeding may take place in the various livestock sectors on 
the basis of diminishing returns to feed inputs and varying 
feed to product price ratios. Evidence from various published 
production function studies gives a conflicting picture of 
the normative elasticities of demand for feed grains for 
fixed livestock numbers as livestock product and feed grain 
prices change. Yet that year to year variation in level of 
feeding is important in feed grain demand is indicated by 
the fact that estimates of the elasticity of response with 
respect to the feed grain to milk price ratio lagged 1 year 
are up to twice as large for milk production per cow as they 
are for the number of cows on farms. Hansen (39), and Hansen 
and Mighell (40), however, show that there is little oppor­
tunity for profitable adjustment in the level of feeding 
laying hens as the feed to egg price ratio changes. 
The greatest opportunity for profitable adjustments in 
the level of feed grain inputs in milk and beef production 
arise out of the substitution between feed grain and roughage 
inputs as their relative prices change. There is considerable 
opportunity for grain-roughage substitution in milk and beef 
production, less in hog production, and scarcely any in the 
poultry enterprises. Comparisons of the coefficients of 
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the feed grain to hay price variables indicate that the 
response to change in the price of feed grains relative to 
the price of hay is much greater and operates sooner in the 
case of feed grain consumption by beef cattle than dairy 
cattle . Estimates of the elasticity of response of feed 
grain consumption by beef -cattle with respect to the feed 
grain to hay price ratios in the current and immediate past 
years are all close to and center on -.2, while estimates 
with respect to feed grain consumption by dairy cattle and 
the lagged feed grain price ratio center on -.1. No appreci­
able response to the current feed grain to hay price ratio 
for feed grain consumption by dairy cows is apparent. 
Averages of the estimates of the elasticities of feed 
grain consumption with respect to the feed price variables 
are summarized in Table 95. These values are the sums of 
average estimates for a particular price ratio lagged over 
all periods for which variables incorporating that ratio 
are defined, with the exception of beef where coefficients 
of the feed grain to slaughter steer price ratio lagged 1 
year are unaccountably strongly positive. They indicate 
the percentage change in feed grain consumption over a 2 
year period by the various livestock sectors as the relevant 
price ratios are varied by 1 per cent, other price variables 
remaining constant. 
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Table 95. Averages of the estimates of the elasticities 
of demand for feed grains by livestock sectors 
with respect to the feed grain to livestock 
product price ratios and the feed grain to 
hay price ratios, 1955 to 1958. Elasticities 
are summed over a 2 year period. 
Sum of elasticities Sum of elasticities 
with respect to feed with respect to 
Livestock grain to product feed grain to hay 
price ratios price ratios 
Dairy cattle -.20 -.14 
Beef cattle -.10 (-.14)a -.41 
Hogs -.19 
Hens, pullets and 




8. These estimates are with respect to the feed grain to 
slaughter steer price ratio for the current year alone. 
The figure in parenthesis is the average estimate from 
equations which do not incorporate the lagged feed grain 
to slaughter steer price ratio. 
^This figure is the average of estimates from the 
1955 to 1958 and 1947 to 1958 periods. 
From these data feed grain consumption for egg produc­
tion appears to be most sensitive to changes in the feed 
grain to product price ratio, while feed grain consumption 
for beef cattle and broilers are least sensitive. The 
elasticities for the dairy cattle, hogs, and turkeys sectors 
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are about equal and Intermediate to the others. The level 
of feed grain consumption by beef cattle is more responsive 
to changes in the feed grain to hay price ratio, while feed 
grain consumption by dairy cattle is less so. These analyses 
give some insight into the effects of changing feed prices 
on the flows of feed grains into the various livestock 
sectors. The consequent effects of feed prices on the 
supplies of livestock products coming onto the market are 
further considered in the following chapter. 
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CHAPTER Xi SUMMARY AND CONCLUSIONS 
The Study in Its Setting 
In previous chapters of this work we have developed 
sets of estimators relating the annual production of live­
stock and livestock products to variables which are con­
sidered to he important in arriving at production decisions 
or in the changing technical and organizational environment 
of production. Most of these variables are price ratios 
distributed through time, the distributions depending on the 
times at which important production decisions are made. 
Certain estimation equations have been selected for predic­
tion purposes, but the evidence from all has been used in 
evaluating the role each variable plays in accounting for 
output variation. 
The conclusions must be considered as highly tentative. 
Series are short, the data are often too highly aggregated 
over regions, products, and time periods, and the numbers of 
factors which must be considered for an adequate account of 
output variation are frequently large. The inferences drawn 
may often have been too imaginative, while the analyses have 
not been imaginative enough. Yet it is felt that in view 
of the initial questions raised and the data which are at 
present available, the analytic approach which has been 
adopted is appropriate. 
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The "batteries of estimation equations are similar to 
sets of cross tabulations drawn up to establish consistent 
associations as many factors are varied. They also indicate 
the strength of these associations. Yet the regression 
analyses go beyond either tabulation or correlation analysis. 
They are designed to answer questions about the quantity of 
change in each sector which can be expected from variations 
of important associated factors. The short series available 
and the large number of regressor variables often considered 
make parameter estimates highly unreliable. The nature of 
the time series is such that estimates cannot be replicated 
from different sample data. However, estimates based on 
different combinations of variables and various data trans­
formations do provide some check on parameter estimates, 
although it is not statistically rigorous. 
Yet much unfinished business remains. Nothing has been 
said about the over-all effects of price and cost movements 
on the aggregate of livestock and livestock products, or the 
current interdependence between various prices, costs, and 
livestock production levels. Finally we must bring together 
in summary form conclusions about the extent of response 
lags, readjustments taking place between sectors in response 
to price and cost movements, and the orderings of estimated 
price effects, so that meaningful policy implications can 
be drawn from these analyses. 
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The problem of the aggregate livestock production 
response to price and cost variation has not been tackled 
at all in this study. Others have addressed themselves to 
this problem. Most recently Griliches (35) has derived 
estimates for the aggregate effects of variations in prices 
of feed and livestock. He relates the "livestock and live­
stock products" sub-aggregate of the ARS Index of Farm Output 
to the "price of livestock and livestock products" sub-index 
of the USDA index of prices received and the "price of feeds" 
sub-index of the index of prices paid, both for the previous 
year and deflated by the prices paid for production items, 
wages, taxes, and interest, or as a ratio of the 2 sub-
indexes. Using the period 1911 through 1958 and 2 sub-
periods Griliches finds stable short-run aggregate supply 
elasticities of from .2 to .5 with respect to livestock 
prices and from -.2 to -.3 with respect to feed prices. 
Griliches uses distributed lags models to derive long-run 
price elasticities, estimates of which range between .4 and 
.7. The aggregate supply function appears to have shifted 
to the right during the period at an annual average rate of 
1.3 per cent. Griliches found no evidence for an increase 
in the short-run response elasticity from the 1911 through 
1934 to the 1935 through 1958 period, though Barker (5) and 
Dean and Heady (21) found evidence for increasing response 
elasticities over time in the milk and hogs sectors, while 
Eayami (42) found evidence for declining elasticities for 
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eggs and "broilers and increasing elasticities for turkeys. 
In this study most regressor variables have been either 
current non-price variables or lagged price ratios. Some 
regressor variables are ratios of current prices, however, 
or have components which are determined currently in the 
market. These are used where the current regressor variable 
is considered to be important in determining output, yet 
where a specific output level may have only a weak influence 
on the regressor variable. In most cases the predetermined 
variables are considered to be of most importance in deter­
mining production levels due to the nature of fixed assets 
and the long period of production in agriculture. Yet 
average periods of production vary between livestock sectors 
within agriculture as does the flexibility of the production 
process in the current period when resources have been 
committed for it during past periods. Thus it may be impor­
tant to consider current interrelationships in certain 
aspects of the feeding industry, or in sectors where live­
stock inventory adjustments are important. This will 
depend upon the manner in which prices are set, the period 
of production, and the time period over which prices and 
production levels are aggregated. 
The current interdependence between various prices, 
costs, and livestock production levels is most ideally 
studied through simultaneous equation techniques. These 
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techniques have been used in econometric work during the 
last decade, though their use has not removed all the estima­
tion anomalies which are associated with least squares re­
gression. The asymptotic properties of these techniques are 
well known. Their small sample behavior is relatively 
unknown, but the Monte Carlo studies analyzed by Christ (15) 
and E^ldreth (48) suggest that with samples as small as those 
used in the current study the simultaneous equation tech­
niques are rarely better than least squares. Equations for 
farm supplies of beef and hogs in a system of equations for 
the beef and pork sectors of the economy development by 
Wallace and Judge (101) do not include endogenous variables 
other than the farm outputs, and hence they are estimated 
by the standard least squares technique. In a further study 
by Judge (58) of the egg industry, limited information and 
least squares estimates of the egg supply relation both gave 
coefficients of price variables with the same signs, variable 
for variable, although magnitudes differed greatly. Hayami 
(42) found that the limited information technique gave in 
general less credible estimates than the least squares 
technique in the analysis of broiler supply. Dean and Heady 
(21) used the limited information technique in an analysis 
of marketing weights of hogs. From the time series used 
(1924 through 1957) only a very small adjustment in weight 
to current price of hogs was detected. Due to the limited 
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length of most series available and the small adjustment to 
current prices expected in most phases of livestock produc­
tion, the least squares technique has been used throughout 
this study, though obviously considerable experimentation in 
estimation technique could be used in following through with 
many aspects of livestock supply." 
"Estimates of supply for 5 livestock sectors were made 
incorporating endogenous price ratio variables and predeter­
mined variables previously found to be important in account­
ing for annual changes in production from the analyses already 
described. These equations form part of a 31 equation system 
incorporating 19 predetermined variables, the remaining 
equations being sector demand equations and equations which 
linearly estimate important endogenous ratio variables from 
their endogenous components. For the period 1935 through 
1959 supply estimates, derived by the single equation limited 
information technique, are 
y-j_ = 4.15 y g - 2.27 y7 - 16.62 yg + 186.15 yg -.21 z-j_ + 2.07z2 
-41.53 Zg 
y2 — 55.46 y10 + 2.71 y-^-^ + 33.78 z4 
ys = 1.45 y12 - 28.36 y13 - 12.11 y14 - 29 .06 z& - 2.46 Zg 
y4 = 14.61y15+ 32.26ylg- 163.12y17+ 9.48Zy - 16.14Zg 
-119 .28Zg 
7g= 1.61y1Q - 2 .07y1g - 2.42y20 - .78y21 - 40.45z1Q + .58z^^ 
-1.40Z12+ 2.57z^g. 
Current output variables are y^ cattle and calves 
slaughtered; y2 boilers: y, eggs; y. hogs ; and y5 milk. 
Current price ratio variables are : yg feed grain-beef; y^ 
hog-beef; yg hay-beef; yg milk-beef; y^g poultry ration-
broiler ; y^]_ egg-broiler ; y 2^ broiler-egg; y, ^ poultry 
ration-egg; y14 hog-egg; y15 grain-hog; ylg beef-hog; y17 
milk-hog; y]_g grain-milk; y^g beef-milk; y2Q hog-milk; and 
y22 hay-milk. Predetermined price ratio variables for year 
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A Comparison of Trends 
In the previous chapters prime interest has centered 
on the effects of price variables on the output of livestock 
and livestock products. It has been seen, however, that the 
battery of price variables frequently accounts for only minor 
variation in sector output throughout the period studied. 
Strong production trends over time frequently appear to be 
independent of price movements. These reflect the influences 
v of market economies of scale and technological changes at 
work during the period studied. In the specification of 
functions adopted in these analyses it has been assumed that 
price responses have remained constant during the period, 
while the effect of trends is to move the supply function 
to the right (or to the left in the case of negative trends). 
_ The studies of Barker (5), Hayami (42), and Dean and Heady 
(21) already cited indicate that small elasticity changes 
have taken place over time, but in the current study these 
(Continued from page 380) 
t-1 are : z^ grain-beef; z2 hog-beef, zg 5-year moving aver­
age milk-beef; Z4 poultry ration-broiler; Zg poultry ration-
egg; zy October through December grain-hog; Zg October 
through December beef-hog; zg 5-year moving average milk-hog; 
Z]_Q grain-milk; z^ beef-milk; z^g hay-milk; and 2^5 5-year 
moving average hog-milk. Zc is egg production per layer, 
year t. Variables are first differences of observations, 
and in the equations are expressed in terms of deviations 
from the means. 
The types of combinations of variables used in these 
equations are similar to those used in the single equation 
estimates discussed in earlier chapters, but obviously there 
are insufficient degrees of freedom to enable an adequate 
estimation of parameters. 
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changes are necessarily averaged out. 
An indication of the importance of independent time 
trends is given "by a comparison of the coefficients of the 
time variables. In the logarithmic equations the time 
variables were always untransformed. Such a specification 
presupposes that the supply function has moved horizontally 
at a constant compound rate. An indication of relative 
growth of each sector is hence given by a comparison of the 
time coefficients of the logarithmic functions. Such a 
comparison is given in Table 96, though care must be taken 
in its interpretation owing to the different time periods 
over which comparisons are made. 
The broiler industry has exhibited the most rapid rate 
of expansion, while there has also been a rapid expansion 
in the production of turkeys. These industries were in 
their infant stages at the beginning of the period of study, 
however, when other livestock sectors were firmly established. 
Other sectors display a varying pattern of shifts. Supply 
is contracting in all phases of the sheep and lamb industry 
studied. The supply relation is expanding for total milk 
production due to improving productivity, and in spite of 
a general decline in the number of milking cows. Since the 
beginning of the 1940's there has been a marked non-price 
contraction in the breeding of cattle in the Corn Belt 
states, associated with an expansion in the demand for ' 
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Table 96. Average of the percentage rate of shift in the 
supply estimators for various livestock sectors. 
Average percentage rate of change 
Livestock sector Period Estimated Estimated From all 
from logs from first estimates 
differences 
Milk 
Milk cows on 
farms 1935-59 -.9 -.7 -.8 
Milk production 
per cow 1935-59 1.7 1.7 1.7 
Total milk 
production 1955-59 .7 - 1.0 .8 
Beef 
Feeder cattle in 
tjie Corn Belt 1940-59 4.8 4.3 4.5 
Bred cattle in 
the Corn Belt 1941-59 -1.7 -1.2 -1.3 
Bred cattle in 
the South 1946-59 9.3 6.6 7.9 
Cattle from range 
and mountain 
states 1940-59 5.6 1.0* 3.3 
Cows and heifers 
from milk herds 1935-59 1.5 1.7 1.5 
Calves 




December 1946-60 1.9 2.5 2.1 
Hogs slaughtered 
January to 
June 1946-60 0 -1.4 -.9 
Hogs slaughtered 
July to June 1946-59 1.1 -1.1 .5 
aFrom equations which do not incorporate January 1 
inventories. 
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Table 96. (Continued) 
Average percentage rate of change 
Livestock sector Period Estimated Estimated From all 








Sheep and lambs 
Feeders in the 
Corn Belt 
Bred _sheep and 
lambs in the 
Corn Belt 
Sheep and lambs 
from range and 
mountain 
states 1940-59 
4.4b 1.1° 2.4 
20.8d 16.6e 1.9 
5.2d 5.9e 5.6 
-1.3 -2.3 -1.8 
-2.3 -6.8 -4.7 






^Equations do not include the egg production per layer 
variable. 
°A11 equations include the egg production per layer 
variable. 
^Equations do not include the product-feed conversion 
rate variable. 
eTime coefficients differ little in equations which do 
or do not incorporate the product-feed conversion rate 
variable. 
feeder and stocker purchases at an even faster rate. Sup­
plies of cattle and calves from range and mountain states 
have expanded accordingly. On the other hand since the war 
there has been a most rapid expansion in the supply of bred 
cattle in the South Atlantic and South Central regions, 
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possibly as an outcome of the establishment of permanent 
pastures and the control of cattle diseases. The over-all 
supply relation has not shifted markedly in hog production, 
though there appears to hâve been some shifts in the seasonal 
patterns of production. 
Response Lags 
A major premise of this study has been that livestock 
output in a given period is the outcome of actions based on 
decisions made during that period and periods prior to it. 
Furthermore, decisions are based on expectations of input 
costs and output prices, which in this study are taken to 
be the costs and prices currently prevailing when decisions 
are made. Hence production response to price and cost 
movements often follows after a lapse of time, depending 
on the average period of production and the nature of fixed 
assets. Price and cost movements may furthermore give rise 
to response changes in several production periods. We hence 
expect lagged responses to many price and cost movements. 
In recent years a considerable literature has appeared on 
the distribution of these lags. This literature has been 
briefly outlined in Chapter III. 
Analyses of this study have not been specifically 
designed to investigate the nature of the distribution of 
response. Rather the price and cost situations during 
certain important decision periods are related to output, 
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isolating points or an average of points on what might be 
a characteristic distribution of responses. Milk production 
is the sole exception, where an attempt has been made to 
determine the periods over which price responses signifi­
cantly operate, and the pattern of response to price changes. 
Yet in the other sectors, even though our analyses do not 
permit us to define a lag- distribution, an examination of 
the estimates does suggest inferences which may be drawn 
about price and cost response lags. 
The generalized Working model for milk production 
suggests that periods over which responses operate differ 
between price ratio variables. The full impact of movements 
of the feed grain to milk price ratio appears to be spent 
after a lag of 2 years, suggesting that this variable has 
its prime effect in short-run productivity changes rather 
than long-run changes in herd size. The maximum lag period 
for the effect of the slaughter cattle to milk price ratio-
appears to be 3 years, while the maximum lag period for the 
effect of the hog to milk price ratio is 5 years or more. 
The lag distributions clearly depend upon the average 
periods of production. The maximum responses to changes in 
the feed to beef price ratios for bred cattle in the Corn 
Belt and southern states take place with respect to the 
variable lagged 2 years, approximately corresponding to the 
average period between breeding cattle and selling their 
progeny. The maximum response to changes in the feed to 
387 
beef price ratio in the demand for feeder cattle, on the 
other hand, takes place in the current year. In the case 
of range cattle (and also range sheep) inventory adjustments 
are made on the basis of current feed availability (or costs) 
while the availability of feed in the long-run (as measured 
by a 5-year moving average) also appears to have important 
bearing on the number of range cattle available for sale. 
The response situation for range cattle illustrates 
the importance of the nature of capital investments in deter­
mining the distribution of lags. A major investment in the 
livestock breeding sectors is the livestock themselves. 
Changes in the size of breeding flocks and herds come about 
through changes in the rates of acquisition and disposal. 
Following Johnson(55) we may say that the number of breeding 
stock should remain constant if the discounted marginal value 
of breeding stock is less than the cost involved in altering 
the rate of acquisition and more than the return received 
for altering the rate of disposal. In the case of a poor 
range year, the discounted value of marginal production of 
range cattle is low, zero, or possibly negative, whereas the 
disposal price, while possibly lowered by larger cattle 
sales, may remain relatively high. The rate of disposal 
will thus be raised for the current year. On the other hand 
favorable range conditions over a period of years reduces 
per unit costs of breeding"replacements causing the rate of 
replacement to increase. Thus an increase in the avalla-
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bility of feed (a decline in its price) has the effect of 
decreasing cattle sales from the range in the current year 
"but increasing cattle "sales in future years from the sale of 
calves from the larger numbers of breeding stock. 
Due to the long productive life of dairy cattle, many 
of the adjustments in milk production take place with respect 
to long-run movements in the price of milk relative to other 
products. This definitely appears to be the case for the 
competitive relationship between milk and spring hog produc­
tion, and also between milk production and bred cattle in 
the Corn Belt and southern states. 
Responses in the strictly feeding operations are made 
more rapidly. The major responses to changes in the feed 
grain to beef and hog to beef price ratios in the demand for 
feeder cattle occur in the current period, as do adjustments 
to changes in the price of slaughter steers relative to 
feeders and stockers. The major responses to changes in the 
prices of feed, beef, and hogs relative to fed lambs in the 
demand for feeder sheep and lambs occur in the year follow­
ing the realization of prices, though there Is some evidence 
for the strongest adjustment to the relative price of feeder 
to slaughter lambs taking place in the current year. Hog 
production responds to price levels at the times when gilts 
and sows are bred for the pig crop being currently sold. 
Sales from the fall pig crop also appear to depend on price 
variables which are important in accounting for the size of 
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the pig crop in the previous spring. Since the period "be­
tween breeding and final sales in hog production is rarely 
greater than 1 year, the price effects in hog production 
appear to be exhausted within 2 years, the exception being 
in the sale of hogs from the spring crop where the secular 
relationship between hog and milk prices seems to have af­
fected production. Egg production responds to the feed to 
broiler price ratio in both the current and past year. 
Maximum broiler response comes from the feed to broiler price 
ratio lagged 1 year, while responses in turkey production 
take place with respect to feed prices relative to turkey 
prices in the October through December months of the previous 
2 years. Turkey production also responds to the hog and 
broiler to turkey price ratios in the same periods, response 
to the latter variable being strongest for a lag of 1 year 
and response to the former variable being equally strong 
for both 1 and 2 year lags. 
A Comparison of Price Responses 
In this study we have sought to go beyond establishing 
simple associations between price movements and sector out­
puts to the. amount of response which is associated with a 
unit change in price. It has been seen that both the strength 
of association and the extent of response may vary consider­
ably between variables selected to account for output varia-
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tion in a given sector and between sectors for a given vari­
able . In general the relevant decision variables used are 
price ratios, and inferences made about their coefficients 
have been with respect to the ratio per se, and not with 
respect to its numerator or denominator components. 
The strength of various supply responses has been ex­
pressed in terms of elasticities. The elasticity of supply 
with respect to price is the rate of change of output divided 
by the rate of change of price, when the price change is 
small. In the logarithmic equations the elasticities are 
constrained to be constant over the entire range of observa­
tions, and their estimates equal to the coefficients of the 
variables. In the non-logarithmic equations the elasticities 
are not so constrained, estimates being equal to the average 
value of the regressor variable times its coefficient divided 
by the average value of output. 
Responses can be compared in terms of elasticities, 
since the elasticity concept is dimensionless. The elastici­
ty of response is independent of the units of measurement. 
The usefulness of the concept is not without criticism, 
however. Samuelson (76) questions its theoretical useful­
ness on grounds that although an elasticity is invariant in 
terms of scale it is not invariant to changes of origin, and 
furthermore it fails to maintain certain desirable mathe­
matical characteristics. Cochrane (17) and Johnson (55) 
caution against the indiscriminate use of over-all elasticity 
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estimates for more practical reasons, the former on the 
basis that due to technical advance supply response will be 
more elastic under increasing prices than under decreasing 
prices, and the latter on the basis that fixed assets theory 
of the competitive firm gives rise to aggregate supply 
functions with discontinuities and different elasticities 
for price expansions than contractions. Barker (6) presents 
evidence that the elasticity of milk supply has been greater 
under price expansion than it has under price contraction. 
The estimation of separate response effects under increasing 
and decreasing price situations has been considered too 
costly in terms of degrees of freedom for the current analy­
ses, however, and average elasticity estimates are presented. 
Estimates of the supply response elasticities with 
respect to regressor variables have been computed from each 
equation and averaged over the equations which, in the light 
of the discussion in earlier chapters, have not been deleted 
from consideration in arriving at conclusions about the 
response effects. Yet conclusions must be drawn cautiously 
from the comparison of average elasticity estimates. The 
range of estimates is often large, and there is little basis 
for selecting the mean of the estimates rather than any 
other value on the range. Average elasticity estimates are 
also frequently quite high and yet the probability of such 
an elasticity being different from zero may be much less 
than is the case for many elasticities whose estimated 
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values are quite small. In the former case the range of 
estimates is usually large and frequently bimodal. A rough 
indication of the significance of the estimated elasticities 
is given by the average values of their standard errors, but 
in view of the roughness of the averaging technique, no 
statistically rigorous interpretation should be given to 
these average standard errors. Responses, when expressed as 
elasticities, are not comparable between sectors in terms of 
absolute level of output. To make such comparisons we must 
also be aware of the relative levels of output in each sector. 
Some indication of the comparative effects of changes 
in relative feed prices has been given by the analysis of the 
consumption of feed grains in the various livestock sectors. 
Elasticity estimates of sector output with respect to these 
same variables are not strictly comparable with the estimates 
for feed grain consumption, since the time period base is 
different. Yet differences in the ordering of the elastici­
ties reflect the different roles which feeds play in the 
various livestock sectors. Estimates of the grain to product 
price ratios are summarized in Table 97. 
The sum of the average estimates of the elasticities 
of total milk production with respect to the feed grain to 
milk price ratios lagged over 2 years is -.10, compared with 
-.20 for the consumption of feed grains by dairy cattle. 
The larger responsiveness on the part of feed grain consump­
tion is not reflected to the same extent in total milk output 
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Table 97. Averages of the estimates of elasticities of 
supply with respect to the feed grain to product 
price ratios. 
Feed grain to product 
Livestock sector Period price ratio in year ? 
t t-1 t-2 sum 
Milk cows on — .03 .01* -.04/ 
farms 1935-59 ( .03) ( .03) 
Milk production -.07 -.02 -.09 
per cow 1935-59 ( .03) ( .02) 




duction 1935-59 ( .02) ( .02) 
Cows and heifers .22 .39 .61 
from milk herdsl935-59 (.11) ( .09) 
Calves slaughter .22 .33 .57 
ed 1935-59 ( .21) ( .18) 
Beef 
Feeder cattle in 
the Corn Belt 1940-59 
Bred cattle in 
the Corn Belt 1941-59 
Bred cattle in 
the South 1946-59 
-.35* 
(.14) 





















aFrom equations estimated from the first differences of 
original observations and the first differences of logarithms. 
^From equations which do not contain any other feed 
grain to beef price variables. When this variable is incor­
porated for periods other than year t-2. the estimates become 
very unstable. 
cThe numerator of these variables is the average price 
of poultry feed ration rather than the price of feed grains. 
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Table 97. (Continued) 
Feed grain to product 
Livestock sector Period price ratio in year : 
t t-1 t-2 sum 
Sheep and lambs 
Feeders in the 1940--59 -.58 
Corn Belt ( .18) 
Bred sheep and 1944' -59 .26 -.15 
lambs in the ( .51) ( .55) 
Corn Belt 
April- Oct. - April- Oct. -
June Dec. June Dec. 
year year year year 
t t-1 t-1 ' t-2 
Hogs • • 
Hogs slaughtered 1946 -60 -.15 -.15 
July to Dec. (.10) (.12) 
Hogs slaughtered 1946 -60 -.42 -.24 -.48 
Jan. to June (.22) (.18) (.15) 
Hogs slaughtered 1946 -59 -.24 -.57 
July to June (.20) (.15) 
since a smaller consumption of feed grain can be partly 
offset by a larger consumption of bay or pasture. The major 
component of response of total milk output to changes in the 
feed grain to milk price ratio is production per cow rather 
than the number of cows on farms. The sum of the estimates 
over the 2 year period is -.09 with respect to the former 
variable and -.04 with respect to the latter. Yet analyses 
of the elimination of cows and heifers and calves from herds 
indicate that movements in the feed to milk price ratio may 
play some part in determining culling and replacement deci­
sions. Elasticity estimates with respect to the feed grain 
to milk price ratio summed over 2 years are .6 in both cases. 
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The analysis of cows and heifers eliminated from herds also 
indicates that farmers may consider the hay to milk price 
ratio (or the availability of pasture relative to milk price) 
in arriving at culling decisions. Although the variability 
of elasticity estimates with respect to this variable is 
large, they are all positive, in contrast to the positive 
coefficients of the same variable lagged 1 year in estimates 
of the number of milk cows on farms. This contradiction 
indicates how the behavior of important relationships operat­
ing at the margin may be confounded when the analysis is made 
in terms of movements in the total. 
There is a marked production response in the feeding 
sectors to changes in the price of feed grains relative to 
the product price. The sum over 2 years of the average 
estimates of the elasticities of demand for feeder and 
stocker cattle in the Corn Belt states with respect to the 
feed grain to slaughter steer price ratio in the major buying 
months is -.6, while the equivalent estimate for the elastic­
ity of demand for feeder sheep and lambs is -.4. In the case 
of feeder cattle most response appears to come during the 
current purchasing year, whereas for sheep and lambs there 
is a lapse of time between changes in the feed grain to 
slaughter lamb price ratio and the consequent changes in 
the purchase of feeder sheep and lambs. Possibly as a 
consequence of the responsiveness of demand for feeder 
cattle and sheep in the Corn Belt, the number of cattle 
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and sheep "bred in these states also responds to changes in 
the price of feed grains relative to the price of slaughtered 
steers or lambs. In the case of cattle and sheep from the 
range and mountain states a rise in the current cost and feed 
(through poor range conditions or a high price of hay) in­
creases current marketings and as a consequence depresses 
marketings in future years. While analyses consistently 
point to these facts, the nature of the variables used and 
the wide range of coefficients obtained preclude the making 
of any well based elasticity estimates. 
The ordering of the responsiveness of egg, broiler, and 
turkey production to changes in the poultry ration to product 
price ratios is the reverse of that for the responsiveness 
of feed grain consumption to changes in the feed grain to 
product price ratios. These estimates are not strictly 
comparable, however, due to the different feed price base 
and time accounting period chosen. Furthermore the elastici­
ty estimates for broilers, while considerably larger than 
those for eggs, have in general much smaller significance 
probabilities associated with them. 
In view of the short series analyzed in hog production 
and the rather arbitrary division into sales from spring and 
fall litters, it may not be wise to place too much reliance 
on elasticity estimates for the effects of the feed grain to 
hog price ratio during specific months prior to slaughter. 
The analyses indicate, however, that slaughter from the fall 
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crop is more elastic to changes in the feed grain to hog 
price ratio than is slaughter from the spring crop. This 
is contrary to the findings of Dean and Heady (21). for hog 
production from 1924-1956. 
The analyses indicate that varying degrees of price 
competition exist between cattle feeding and production in 
the dairying, hog, and sheep and lamb feeding sectors. 
Estimates of the elasticities of response within these sectors 
to changes in the return for beef relative to the price of 
sector products are summarized in Table 98. 
The main impact of a change in the price of slaughter 
cattle relative to the price of milk on the production of 
milk appears in the year following the price change. Evi­
dence from the generalized Working distributed lag model for 
milk production suggests that this variable significantly 
influences milk output over 3 lagged years. The adjustment, 
though consistently apparent from all equations, is not 
marked, however. The short-run elasticity of -.05 is also 
in the upper range of the estimates of the short-run elas­
ticity for the same price ratio in the generalized Working 
model. Changes in the beef return to milk price ratio appear 
to have an effect on culling policy in the current year and 
a larger effect on replacement policy in the year following. 
Both these effects are reversed in the next year, and the 
reversed effect is larger in the case of the elimination of 
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Table 98. Averages of estimates of the elasticities of 
supply with respect to the beef to sector 
product price ratios. Averages of the standard 
errors are given in parenthesis. 
Livestock sector Period 
Beef to sector product 
price ratio in yeara: 
t 1 ;-2 t -2 
Milk 
Total milk pro­ — , .05° .oib 
duction 1955--59 ( .03) ( .03) 
Cows and heifers .18 .37 
from milk herds 1955--59 ( .12) ( .11) 
Calves slaugh­ - .86 .46 
tered 1935--59 ( .26) ( .24) 
Sheep and lambs 
Feeders in the -
.29 .69 



















to Dec. 1946-60 
Slaughtered Jan. 
to June 1946-60 -.03 
( .04) 
Slaughtered July 
to June 1946-59 










aBeef prices used in these ratios are the average price 
received by farmers for slaughter cattle for the milk 
sector, the price received at Chicago for choice slaughter 
steers for the sheep and lambs sector, and the beef feeding 
margin for the hogs sector. 
13From equations estimated from first differences of 
original observations and the first differences of loga­
rithms . 
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cows and heifers.. 
Corn Belt farmers do appear to have considered the 
relative prices of slaughter steers and lambs in making 
decisions about purchasing range sheep and lambs for feeding. 
As in the case of feed prices relative to slaughter lamb 
prices the major effect comes in the year following the 
price movements. These high average elasticity estimates 
suggest that the feeder lamb industry is quite sensitive 
to movements in the price of slaughter cattle. The major 
competitive influence of cattle prices on hog production 
is manifested during the important decision months of 
October through December when feeder cattle are purchased 
and sows and gilts are bred for the spring hog crop. The 
over-all average elasticity to changes in the beef feeding 
margin to hog price ratio during these months is estimated 
to be -.1. 
The competitive effects of hog prices are indicated by 
the summary of the average elasticity estimates of the 
various sector outputs with respect to the price of hogs 
relative to the price of the sector product. This summary 
is given in Table 99. The major center of hog production is 
in the Corn Belt states, yet the price of hogs appears to 
have had little effect on beef cattle or sheep bred in these 
states. Farmers in the Corn Belt do appear to consider the 
price of hogs relative to the price of cattle in arriving 
at decisions regarding the feeding of purchased cattle, 
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Table 99. Averages of estimates of the elasticities of 
supply with respect to the hog to sector 
product price ratios. Averages of the standard 
errors are given in parenthesis. 
Hog to sector product price 
, . , , „ ratio for 
Livestock sector Period 5-yr. mov-
year year year ing av. 
t t-1 t-2 t-1 
Milk 
Milk cows on -.16 
farms 1935-59 (.09) 
Milk production -.08 
per cow 1935-59 (.07) 
Total milk -.15a 
production 1935-59 (.08) 
Cows and heifers .55 
from milk herds 1935-59 (.27) 
Calves slaughtered 1935-59 .84 
(.34) 
Beef 
the Corn Belt 1940-59 (.14) 
Feeder cattle in -.21a 
Poultry 
Egg production 1935-59 -.03 
b Turkey production 1955-59 -.12" -.17 
(.11) (.11) 
aFrom equations estimated from the first differences 
of original observations and the first differences of 
logarithms. 
^Deleting equations using original observations and 
logarithms which incorporate the turkey-feed conversion 
rate. 
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however. Hogs also appear to compete with turkey production, 
a large proportion of which also takes place in the Corn Belt 
states. These estimates also indicate the nature of the 
long-run competition between milk and hog production. The 
average estimate of -.15 for the elasticity of response to 
changes in the 5-year moving average hog to milk price ratio 
comes mainly as a result of changes in the number of dairy 
cows on farms. The influence of this variable on the elimin­
ation of calves and dairy cows and heifers seems large, but 
the range of estimates of the elasticities and their standard 
errors is also large, and little significance can be given 
to these figures. 
The remaining competitive price effects are not-apparent 
in enough of a systematic fashion to warrant tabulation. In 
the following discussion the figures given in parenthesis 
with the averages of the elasticity estimates are averages 
of the standard errors of the estimates. The competitive 
effects of milk prices are most apparent with respect to 
long-run relative milk price changes. In the categories of 
livestock studied the major influence of these changes is 
seen in the quantity of slaughtered cattle which are bred 
and stocked in the Corn Belt and southern states. Average 
estimates of the elasticities of response by these sources 
of beef supply with respect.to changes in the lagged 5-year 
moving average milk to slaughter cattle price ratio are 
-1.23 (.91) and -1.10 (.99) respectively. The direction 
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of these effects is consistent between various formulations, 
but there is a wide range in the estimates of elasticities 
and their standard errors, and hence firm inferences about 
the magnitude of the elasticities should not be made. There 
is also evidence for a firm long-run price competition from 
milk production on the breeding of hogs for spring litters, 
but this has not been apparent for fall litters, and is 
only weakly apparent for total hog production. The average 
estimated elasticity of response of hog slaughter from July 
to December with respect to the lagged 5-year moving average 
milk to hog price ratio is -1.05 (.40). 
The only major competitive influence of a poultry 
product price on another poultry product has been the effect 
of broiler prices relative to the price of turkeys in the 
October through December period on the production of turkeys 
in the following year. The average estimated elasticity of 
""this effect (gauged from equations using first differences 
of original observations and first differences of logarithms) 
is -.43 (.26). Egg prices relative to the prices of other 
poultry products appear to have played a rather enigmatic 
role in accounting for variation in broiler and turkey 
production, the coefficients of these variables having signs 
which are opposite to those expected, and being in general 
greater than their standard errors. 
The costs of feeding stock relative to the price 
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received for fed stock do appear to enter into the considera­
tion of both cattle feeders and broiler producers at times 
when the feeding stock are purchased. Thus there has been 
an average estimated elasticity of response in the demand 
for feeder and stocker cattle of .35 (.22) with respect to 
the slaughter steer to feeder and stocker steer price ratio 
during the months of August through December (estimated 
from equations using first differences of original values 
and first differences of logarithms). Equations estimated 
from the first differences of original values for the period 
1947 through 1959 also suggest that there has been an 
elasticity of -.43 (.28) for broiler production with respect 
to current changes in the broiler chick to broiler price 
ratio. There is also evidence, though somewhat confusing, 
that increases in the cost of feeder sheep and lambs in 
relation to the price received for slaughter lambs cause 
a decline in the number of feeder sheep and lambs brought 
into the Corn Belt states. 
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